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1
CONDENSED-CYCLIC COMPOUNDS AND
ORGANIC LIGHT-EMITTING DIODES
COMPRISING THE SAME

CLAIM OF PRIORITY

This application makes reference to, incorporates the same
herein, and claims all benefits accruing under 35 U.S.C. §119
from an application for CONDENSED-CYCLIC COM-
POUND AND ORGANIC LIGHT-EMITTING DIODE
COMPRISING THE SAME earlier filed in the Korean Intel-
lectual Property Office on 31 Jul. 2012 and there duly
assigned Serial No. 10-2012-0084190.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Compounds for organic light-emitting diodes and organic
light-emitting diodes including the same are provided.

2. Description of the Related Art

Organic light-emitting diodes (OLEDs), which are self-
emitting devices, have advantages such as a wide viewing
angle, excellent contrast, quick response, high brightness,
and excellent driving voltage characteristics and can provide
multicolored images.

A general organic light-emitting diode has a structure
including a substrate, and an anode, a hole transport layer
(HTL), an emission layer (EML), an electron transport layer
(ETL), and a cathode which are sequentially stacked on the
substrate. In this regard, the HTL, the EML, and the ETL are
organic thin films formed of organic compounds.

An operating principle of an organic light-emitting diode
having the above-described structure is as follows.

When a voltage is applied between the anode and the
cathode, holes injected from the anode move to the EML via
the HTL,, and electrons injected from the cathode move to the
EML via the ETL. Carriers such as the holes and electrons
recombine in the EML to generate excitons. When the exci-
tons drop from an excited state to a ground state, light is
emitted.

SUMMARY OF THE INVENTION
According to one embodiment of the present invention,

there is provided a condensed-cyclic compound represented
by Formula 1 below.

Formula 1

Formula 2
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2

In Formula 1, ring A,, ring A,, and ring A, are condensed
with each other;

ring A, is represented by Formula 2, Y, being O, S, or
N-(Lp) aa=®Ry 1)

ring A, ring A;, ring A,, and ring A, are each indepen-
dently selected from a substituted or unsubstituted benzene
ring and a substituted or unsubstituted naphthalene ring;

R, and R, are each independently selected from hydrogen,
deuterium, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group of a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a substituted or unsubstituted C,-Cg, alkyl group, a
substituted or unsubstituted C,-C, alkenyl group, a substi-
tuted or unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-C, alkoxy group, a substituted or unsubsti-
tuted C;-C,, cycloalkyl group, a substituted or unsubstituted
C,-C,, cycloalkenyl group, a substituted or unsubstituted
Cs-Cq, aryl group, a substituted or unsubstituted C4-Cg, ary-
loxy group, a substituted or unsubstituted C4-Cg,, arylthio
group, and a substituted or unsubstituted C,-C, heteroaryl
group, R, and R, being non-ring forming substituents which
are not linked to each other and do not form a ring;

L, is asubstituted or unsubstituted C4-C, arylene group or
a substituted or unsubstituted C,-Cg, heteroarylene group;

aa is an integer from 0 to 5;

R,, is a substituted or unsubstituted C,-C,, cycloalkyl
group, a substituted or unsubstituted C;-C,, cycloalkenyl
group, a substituted or unsubstituted C,-C, aryl group, or a
substituted or unsubstituted C,-Cg, heteroaryl group; and

ab is an integer from 1 to 10.

According to another embodiment of the present invention,
there is provided an organic light-emitting diode including: a
first electrode; a second electrode disposed opposite to the
first electrode; and an organic layer interposed between the
first electrode and the second electrode, the organic layer
including at least one condensed-cyclic compound.

BRIEF DESCRIPTION OF THE DRAWING

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawing in which:

FIG. 1 is a schematic cross-sectional view of an organic
light-emitting diode according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described more
fully with reference to the accompanying drawing, in which
an exemplary embodiment of the invention is shown.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
Expressions such as “at least one of””, when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

A condensed-cyclic compound according to an embodi-
ment of the present invention is represented by Formula 1
below.
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Formula 1

In Formula 1, ring A, ring A,, and ring A; are condensed
with each other. Each of the ring A |, ring A, and ring A, are
condensed with a neighboring ring.

In Formula 1, the ring A, is represented by Formula 2
below. In Formula 2,Y, may be O, S, or N-(L,),,,-(Ry1),.5- In
this regard, L, aa, R,,, and ab will be described later.

O

InFormula 1, the ring A |, ring A5, ring A, and ring A5 may
be each independently selected from a substituted or unsub-
stituted benzene ring and a substituted or unsubstituted naph-
thalene ring.

InFormula 1, the ring A, , ring A,, ring A5, ring A ,, and ring
A5 may have various structures according to the condensation
methods used in their preparation.

For example, the compound of Formula 1 may be repre-

sented by Formula 3 or 4, depending upon the condensation
method used to form the ring A,.

Formula 2

Formula 3
~~
:'I \CIO\Y
L_A3 / 1
“Cy

Formula 4

In Formulae 3 and 4, C, to C, ; indicate chemically distinct
carbon atoms numbered to be distinguished from one another.
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4

In Formulae 3 and 4, the ring A, may be represented by one
of Formulae 5(1) to 5(5).

Formula 5(1)
. ST Reac
\_/
Cs—Cq
Formula 5(2)
4{=\ R21ad
Cr—
Ve ////\
N/
Cs—Cs
Formula 5(3)
<C8 = C7/ (RZI)ac
\_/
C5—Cq
Formula 5(4)
(Ra1)ac \/ _CS\
C
// 7
Cs—Cs
Formula 5(5)

Rataa~/—
Q:CS
\ \

\ /7

Cs—Cs

In Formulae 5(1) to 5(5), ac may be 1 or 2, and ad may be
an integer from 1 to 4. Ifacis 2, two R,,’s may be the same or
different. If ad is 2 or greater, more than two R, ’s may be the
same or different.

In Formulae 3 and 4, the ring A ; may be represented by one
of Formulae 6(1) to 6(4) below.

Formula 6(1)
_/ (R22)ae
§ 7
Co—Cyo
Formula 6(2)
(Rzz)afi
\ 7/
Co—Cyo
Formula 6(3)
(Ra2)ar
N
Co—Cyo
Formula 6(4)

_ﬁ(mf

\ 7

Co—Cyo

In Formulae 6(1) to 6(4), ae may be an integer from 1 to 4,
and af may be an integer from 1 to 6. If ae is 2 or greater, more
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than two R,,’s may be the same or different. If af is 2 or
greater, more than two R,,’s may be the same or different.

In Formulae 3 and 4, the ring A, may be represented by one
of Formulae 7(1) to 7(3) below.

Formula 7(1)
Cy /
\\—//\(RB)ag
Formula 7(2)
/= Cs
Cy

\ |/

Ro3)an
Formula 7(3)

In Formulae 7(1) to 7(3), ag may be an integer from 1 to 3,
and ah may be an integer from 1 to 5. If ag is 2 or greater, more
than two R,;’s may be the same or different. If ah is 2 or
greater, more than two R,;’s may be the same or different.

In Formulae 3 and 4, the ring A5 may be represented by one
of Formulae 8(1) to 8(4) below.

(Ra3)an

Formula 8(1)

C
Roa)oi— 1 |
K/Cz

Formula 8(2)

B
A
\)/
Raa)gj
Formula 8(3)
‘/Y\ c
(R24)aj—| |
\ P Cy
Formula 8(4)
(R24)llj

In Formulae 8(1) to 8(4), ai may be an integer from 1 to 4,
and aj may be an integer from 1 to 7. If ai is 2 or greater, more
than two R,,’s may be the same or different. If aj is 2 or
greater, more than two R,,’s may be the same or different.

The locations of the carbon atoms represented as C, to C,
in Formulae 5(1) to 5(5), 6(1) to 6(5), 7(1) to 7(3), and 8(1) to
8(4) are the same as those shown in Formulae 3 and 4.
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6

In Formulae 5(1)to 5(5), 6(1) to 6(5), 7(1) to 7(3), and 8(1)
to 8(4), R, to R,, may be each independently selected from
hydrogen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group of a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-Cq, alkyl group, a substituted or unsubstituted C,-Cg,
alkenyl group, a substituted or unsubstituted C,-C,, alkynyl
group, a substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C;-C,, cycloalkyl group, a sub-
stituted or unsubstituted C;-C,, cycloalkenyl group, a substi-
tuted or unsubstituted C4-Cy, aryl group, a substituted or
unsubstituted C4-C,, aryloxy group, a substituted or unsub-
stituted C¢-Cg, arylthio group, a substituted or unsubstituted
C,-Cgy heteroaryl group, and -(L,),,,-(R,,),,,- In this regard,
in -(L,),,~(R,5),,, L, may be selected from a substituted or
unsubstituted C4-Cq,, arylene group and a substituted or
unsubstituted C,-C, heteroarylene group, ao may be an inte-
ger from O to 5, R,, may be selected from a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C5-C,,, cycloalkenyl group, a substituted or
unsubstituted C;-Cy, aryl group, and a substituted or unsub-
stituted C,-Cyg, heteroaryl group, and ap may be an integer
from 1 to 10.

For example, R, to R,, may be each independently one of:
hydrogen; deuterium; a halogen atom; a hydroxyl group; a
cyano group; a nitro group; an amino group; an aminidino
group; hydrazine; hydrazone; a carboxyl group or a salt
thereof; a sulfonic acid group or a salt thereof; a phosphoric
acid group or a salt thereof; a C,-C,, alkyl group (e.g., a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group, a heptyl group, and an octyl
group) and a C,-C,, alkoxy group (e.g., a methoxy group, an
ethoxy group, a propoxy group, a butoxy group, and a pen-
toxy group); a C,-C,, alkyl group and a C,-C,, alkoxy group
substituted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an aminidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid of a salt thereof, a
phosphoric acid group or a salt thereof, a phenyl group, a
naphthyl group, and an anthryl group; a C4-C,, aryl group
(e.g., aphenyl group, a naphthyl group, and an anthryl group)
and a C,-C,, heteroaryl group (e.g., a pyridinyl group, a
pyrimidinyl group, a pyrazinyl group, and a triazinyl group);
aCg4-C, ,aryl group and a C,-C, , heteroaryl group substituted
with at least one of deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
aminidino group, hydrazine, hydrazone, a carboxyl group or
a salt thereof, a sulfonic acid of a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, and an
anthryl group; and -(L,),,-(R,,),,,,, but are not limited thereto.
In this regard, L, may be a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted pentalenylene
group, a substituted or unsubstituted indenylene group, a
substituted or unsubstituted naphtylene group, a substituted
or unsubstituted azulenylene group, a substituted or unsub-
stituted heptalenylene group, a substituted or unsubstituted
indacenylene group, a substituted or unsubstituted acenaph-
tylene group, a substituted or unsubstituted fluorenylene
group, a substituted or unsubstituted spiro-fluorenyl group, a
substituted or unsubstituted phenalenylene group, a substi-
tuted or unsubstituted phenanthrenylene group, a substituted
or unsubstituted anthrylene group, a substituted or unsubsti-
tuted fluoranthenylene group, a substituted or unsubstituted
triphenylenylene group, a substituted or unsubstituted pyre-
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nylene group, a substituted or unsubstituted chrysenylene
group, a substituted or unsubstituted naphthacenylene group,
a substituted or unsubstituted picenylene group, a substituted
or unsubstituted perylenylene group, a substituted or unsub-
stituted pentaphenylene group, or a substituted or unsubsti-
tuted hexacenylene group; and ao may be 0, 1, or 2; and R,
may be a substituted or unsubstituted 5-membered hetero
ring, a substituted or unsubstituted 6-membered hetero ring, a
substituted or unsubstituted 9-membered hetero ring, or a
substituted or unsubstituted 10-membered hetero ring which
include at least one nitrogen (N) as a ring-forming atom; and
ap may be 1 or 2.

According to another embodiment of the present invention,
R,, to R,, may be each independently one of: hydrogen;
deuterium; a halogen atom; a hydroxyl group; a cyano group;
a nitro group; an amino group; an amidino group; hydrazine;
hydrazone; a carboxyl group or a salt thereof; a sulfonic acid
group or a salt thereof; a phosphoric acid group or a salt
thereof; a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, and a pentoxy group; a methyl group,
an ethyl group, a propyl group, a butyl group, a pentyl group,
a hexyl group, a heptyl group, an octyl group, a methoxy
group, an ethoxy group, a propoxy group, a butoxy group, and
a pentoxy group substituted with at least one of deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a phenyl
group, a naphthyl group, and an anthryl group; a phenyl
group, a naphthyl group, an anthryl group, a pyridinyl group,
apyrimidinyl group, a pyrazinyl group, and a triazinyl group;
a phenyl group, a naphthyl group, an anthryl group, a pyridi-
nyl group, a pyrimidinyl group, a pyrazinyl group, and a
triazinyl group substituted with at least one of deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, and an anthryl group; and -(L,) ,,~(R,5),,,- In this
regard, [, may be one of: a phenylene group, a naphthylene
group, a fluorenylene group, and an anthrylene group; and a
phenylene group, a naphthylene group, a fluorenylene group,
and an anthrylene group substituted with at least one of deu-
terium, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a phe-
nyl group, a naphthyl group, and an anthryl group; ao may be
0, 1, or 2; R,, may be one of: a pyrrolyl group, a pyrazolyl
group, an imidazolyl group, a pyridinyl group, a pyrazinyl
group, a pyrimidinyl group, an indolyl group, a purinyl group,
a benzoimidazolyl group, a quinolinyl group, an isoquinoli-
nyl group, a phthalazinyl group, a quinoxaline group, a
quinazolinyl group, and a cinnolinyl group; and a pyrrolyl
group, a pyrazolyl group, an imidazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, an indolyl
group, a purinyl group, abenzoimidazolyl group, a quinolinyl
group, an isoquinolinyl group, a phthalazinyl group, a qui-
noxaline group, a quinazolinyl group, and a cinnolinyl group
substituted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,

10

15

20

25

30

35

40

45

50

55

60

65

8

a phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, and an anthryl group; and ap may be 1 or 2, but they are
not limited thereto.

According to an embodiment of the present invention, the
condensed-cyclic compound may be represented by Formula
3, and the ring A in Formula 3 may be represented by one of
Formulae 5(1) to 5(3). The compounds of Formulae 5(1) to
5(3) are described above.

According to another embodiment of the present invention,
the condensed-cyclic compound may be represented by For-
mula 3, the ring A | in Formula 3 may be represented by one of
Formulae 5(1) to 5(3), the ring A; may be represented by one
of Formulae 6(1) and 6(2), the A, ring may be represented by
one of Formulae 7(1) and 7(3), and the A5 ring may be rep-
resented by one of Formulae 8(1) and 8(3), but they are not
limited thereto. The descriptions for Formulae 5(1) to 5(3),
6(1), 6(2), 7(1), 7(3), 8(1), and 8(3) are described above.

According to another embodiment of the present invention,
the condensed-cyclic compound may be represented by For-
mula 4, and the ring A, in Formula 4 may be represented by
Formula 5(3).

According to another embodiment of the present invention,
the condensed-cyclic compound may be represented by For-
mula 4, the ring A, in Formula 4 may be represented by
Formula 5(3), the ring A; may be represented by one of
Formulae 6(1) and 6(2), the A, ring may be represented by
one of Formulae 7(1) and 7(3), and the A ring may be rep-
resented by one of Formulae 8(1) and 8(3), but they are not
limited thereto. The description for Formulae 5(3), 6(1), 6(2),
7(1), 7(3), 8(1), and 8(3) are described above.

In Formula 2, Y, may be selected from O, S, and
N-(L)) = (Ryy g

For example, in Formula 2, Y, may be N-(L,),,-(R;;).5-

InN-(L,),,-(R; )5 L, may be selected from a substituted
orunsubstituted C4-C, aryl group and a substituted or unsub-
stituted C,-Cg, heteroaryl group. For example, [, may be a
substituted or unsubstituted C¢-Cg, aryl group.

According to the current embodiment, [, may be selected
from a substituted or unsubstituted phenylene group, a sub-
stituted or unsubstituted pentalenylene group, a substituted or
unsubstituted indenylene group, a substituted or unsubsti-
tuted naphtylene group, a substituted or unsubstituted azule-
nylene group, a substituted or unsubstituted heptalenylene
group, a substituted or unsubstituted indacenylene group, a
substituted or unsubstituted acenaphtylene group, a substi-
tuted or unsubstituted fluorenylene group, a substituted or
unsubstituted spiro-fluorenyl group, a substituted or unsub-
stituted phenalenylene group, a substituted or unsubstituted
phenanthrenylene group, a substituted or unsubstituted
anthrylene group, a substituted or unsubstituted fluoranthe-
nylene group, a substituted or unsubstituted triphenylenylene
group, a substituted or unsubstituted pyrenylene group, a
substituted or unsubstituted chrysenylene group, a substi-
tuted or unsubstituted naphthacenylene group, a substituted
or unsubstituted picenylene group, a substituted or unsubsti-
tuted perylenylene group, a substituted or unsubstituted pen-
taphenylene group, and a substituted or unsubstituted hexace-
nylene group.

For example, L., may be selected from a substituted or
unsubstituted phenylene group, a substituted or unsubstituted
naphthylene group, a substituted or unsubstituted a fluore-
nylene group, a substituted or unsubstituted spiro-fluore-
nylene group, a substituted or unsubstituted an anthrylene
group, and a substituted or unsubstituted pyrenylene group.

For example, [, may be one of: a phenylene group, a
naphthylene group, a fluorenylene group, a spiro-fluore-
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nylene group, an anthrylene group and pyrenylene group; and
a phenylene group, a naphthylene group, a fluorenylene
group, a spiro-fluorenylene group, an anthrylene group, and a
pyrenylene group substituted with at least one of deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
an amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl, a naphthyl
group, and an anthryl group, but they are not limited thereto.

InN-(L,),,-(R; )., aa may be an integer from 0 to 5. For
example, aa may be 0, 1, or 2. If aa is 2 or greater, more than
two L, ’s may be the same or different.

In N-(L)),,.-(Ry;),» R;; may be selected from a substi-
tuted or unsubstituted C;-C, 4 cycloalkyl group, a substituted
or unsubstituted C;-C, , cycloalkenyl group, a substituted or
unsubstituted C,-C,, aryl group, and a substituted or unsub-
stituted C,-Cg, heteroaryl group.

R,, may be selected from a substituted or unsubstituted
C¢-C, , aryl group and a substituted or unsubstituted C,-Cg,
heteroaryl group.

For example, R, may be selected from a substituted or
unsubstituted S-membered hetero ring, a substituted or
unsubstituted 6-membered hetero ring, a substituted or
unsubstituted 9-membered hetero ring, and a substituted or
unsubstituted 10-membered hetero ring, each of which
includes at least one nitrogen (N) as a ring-forming atom.

According to an embodiment, R, ; may be selected from a
substituted or unsubstituted pyrrolyl group, a substituted or
unsubstituted pyrazolyl group, a substituted or unsubstituted
imidazolyl group, a substituted or unsubstituted pyridinyl
group, a substituted or unsubstituted pyrazinyl group, a sub-
stituted or unsubstituted pyrimidinyl group, a substituted or
unsubstituted indolyl group, a substituted or unsubstituted
purinyl group, a substituted or unsubstituted benzoimidazolyl
group, a substituted or unsubstituted quinolinyl group, and a
substituted or unsubstituted isoquinolinyl group.

R,; may be one of: a pyrrolyl group, a pyrazolyl group, an
imidazolyl group, a pyridinyl group, a pyrazinyl group, a
pyrimidinyl group, an indolyl group, a purinyl group, a ben-
zoimidazolyl group, a quinolinyl group, an isoquinolinyl
group, a phthalazinyl group, a quinoxaline group, a quinazoli-
nyl group, and a cinnolinyl group; and a pyrrolyl group, a
pyrazolyl group, an imidazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, an indolyl group, a
purinyl group, a benzoimidazolyl group, a quinolinyl group,
an isoquinolinyl group, a phthalazinyl group, a quinoxaline
group, a quinazolinyl group, and a cinnolinyl group substi-
tuted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, and an anthryl group, but they are not limited thereto.

In N-(LL)),,-(R;1),5 R;, may be represented by one of
Formulae 9 to 15 below.

Formula 9

R3) X5 Rs
Y \j/
Xy \I/ X3
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-continued
N Formula 10
| —— 7 Rt
/ /
Formula 11
fr L \ \ N
| — R
/ /
Formula 12
. /\/\N
: ! (R32)am
F N
N Formula 13
NN
| T (R32)am
AN
N
N Formula 14
NN
| . q (R32)am
F N
Formula 15
N
P
| : — (R32)am

\
\

In Formulae 9 to 15, X, may be selected from N and
C(R;3), X, may be selected from N and C(R;,), and X; may
be selected from N and C(R55), at least one of X, X, and X
may be N; R, to R, are each independently selected from
hydrogen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, and an
anthryl group; ak may be an integer from 1 to 6; am may be an
integer from 1 to 5; and * may be a binding site to L, or
nitrogeninY ;.

In Formula 9, X, may be selected from N and C(R;3), X,
may be selected from N and C(R;,), and X; may be selected
from N and C(R;;), at least one of X, X,, and X may be N;
R;, to R;5 are each independently selected from hydrogen,
deuterium, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a phe-
nyl group, a naphthyl group, and an anthryl group.

In Formula 9, for example, X, X, and X; are N; X, and X
are N, and X, may be C(R;,); or X, and X, are N, and X; may
be C(R;;), but they are not limited thereto.

Meanwhile, in Formula 1, Y, may be selected from S and
O. Inthis regard, in Formula 1, the ring A5 may be represented
by one of Formulae 8(1) to 8(4), and at least one of the aiR,,’s
of Formula 8(1) and at least one of aj R, ,’s of Formula 8(2)
may be -(L,),,~(R,,),, as described above. The -(L,),,-
(R,5),, is defined as described above.
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For example, the condensed-cyclic compound of Formula
1 may be represented by Formula 3 A below.

Formula3A 5
. /(Ll)aa—(Ru)ab
! Az /CIO\N
-d ,\C7
Cs A, "
LC
* 6 10
C5/ \
L\
RN 37T
LA A
Ry .C C H
R, Ry veeo-e- -

In Formula 3 A, the ring A may be represented by any one
of Formulae 5(1) to 5(5), the ring A; may be represented by
any one of Formulae 6(1) to 6(4), the ring A, may be repre-
sented by any one of Formulae 7(1) to 7(3), and the ring A,
may be represented by any one of Formulae 8(1) to 8(4). In
this regard, in Formulae 5(1) to 5(5), 6(1) to 6(4), 7(1) to 7(3),
and 8(1) to 8(4), R,, to R,, may be hydrogen.

Alternatively, in Formula 3A, the ring A; may be repre-
sented by any one of Formulae 5(1) to 5(3), thering A; may be
represented by any one of Formulae 6(1) and 6(2), thering A,
may be represented by any one of Formulae 7(1) and 7(3), and
the ring A5 may be represented by any one of Formulae 8(1)
and 8(3). In this regard, in Formulae 5(1) to 5(3), 6(1), 6(2),
7(1), 7(3), and 8(1) and 8(3), R,, to R,, may be hydrogen.

Alternatively, the condensed-cyclic ring of Formula 1 may
be represented by Formula 3B or 3C below.

Formula 3B

N C3™7 - .~
Ay \
NG :
Rp2)gp™ L2)as >< K '

Formula 3C

N, C3=7 =~ ~
JSOTh
Ay
NG C4
Rp2)gp= L2)as X '

In Formulae 3B and 3C, the ring A, may be represented by
any one of Formulae 5(1) to 5(5), the ring A; may be repre-
sented by any one of Formulae 6(1) to 6(4), and the ring A,
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may be represented by any one of Formulae 7(1) to 7(3). In
this regard, in Formulae 5(1) to 5(5), 6(1) to 6(4), and 7(1) to
7(3),R,, to R,; maybehydrogen. In Formulae 3B and 3C, L,,
ao, R, ,, and ap are defined as described above.

Alternatively, in Formulae 3B and 3C, the ring A; may be
represented by any one of Formulae 5(1) to 5(3), the ring A,
may be represented by any one of Formulae 6(1) and 6(2), and
the ring A, may be represented by any one of Formulae 7(1)
and 7(3). In this regard, in Formulae 5(1) to 5(3), 6(1) to 6(2),
and 7(1)to0 7(3), R,, to R,; may be hydrogen. In Formulae 3B
and 3C, L,, ao, R, ,, and ap are defined as described above.

In Formula 1, R, and R, are each independently selected
from hydrogen, deuterium, a halogen atom, a hydroxyl group,
a cyano group, a hitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-Cq, alkyl group, a substituted or unsubstituted C,-Cg,
alkenyl group, a substituted or unsubstituted C,-Cg,, alkynyl
group, a substituted or unsubstituted C,-C, alkoxy group, a
substituted or unsubstituted C,-C,, cycloalkyl group, a sub-
stituted or unsubstituted C;-C,, cycloalkenyl group, a substi-
tuted or unsubstituted C4-Cq, aryl group, a substituted or
unsubstituted C4-Cg, aryloxy group, a substituted or unsub-
stituted C4-Cg,, arylthio group and a substituted or unsubsti-
tuted C,-Cg, heteroaryl group, R, and R, being non-ring
forming substituents which are not linked to each other and do
not form aring. Thatis, in Formula 1, R, and R, are not linked
to each other and do not form a ring.

In Formula 1, R, and R, may be each independently
selected from a substituted or unsubstituted C,-C,, alkyl
group, a substituted or unsubstituted C,-C,, alkoxy group
and a substituted or unsubstituted C,-C,, aryl group.

For example, in Formula 1, R, and R, may be each inde-
pendently one of: a C,-C,, alkyl group and a C,-C,, alkoxy
group; a C,-C,, alkyl group and a C,-C,, alkoxy group sub-
stituted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a phenyl group, a
naphthyl group, and an anthryl group; a C,-C, , aryl group; or
aCg4-C, 4, aryl group substituted with at least one of deuterium,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C, -C,, alkoxy group, a phenyl group, a
naphthyl group, and an anthryl group.

For example, in Formula 1, R, and R, may be each inde-
pendently one of: a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a methoxy group, an ethoxy group, a
propoxy group, a butoxy group, and a pentoxy group; a
methyl group, an ethyl group, a propyl group, a butyl group,
apentyl group, a hexyl group, a heptyl group, an octyl group,
amethoxy group, an ethoxy group, a propoxy group, a butoxy
group, and a pentoxy group substituted with at least one of
deuterium, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a phenyl group, a naphthyl group, and an anthryl
group; a phenyl group, a naphthyl group, and an anthryl
group; and a phenyl group, a naphthyl group, and an anthryl
group substituted with at least one of deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
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amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, and an anthryl group.

According to an embodiment, the condensed-cyclic com-

pound may be represented by any one of Formulae 3-1 to 3-27
below, but is not limited thereto.

Formula 3-1

Formula 3-2

Formula 3-3

(Raz)ar

(Raa)ai

Formula 3-4
(Ra2)ar

(RZI)ac
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-continued

Formula 3-5

(RZZ)ae \/
4

(Raa)ai

Formula 3-6

(RZZ)ae \/
4

(R23)an

(Ra4)ai

R R

Formula 3-7

(RZI)ac

Rag)yj

Formula 3-8

(R24)gs
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Raz)ar

(Raz)ar

(Ra4)ai

Ry R

(Ra2)ar

Roa)ai

R R
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Formula 3-9

Formula 3-10

Formula 3-11

Formula 3-12
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-continued

Formula 3-13
(Ra2)ae \\

Formula 3-14

Ra3)an

Formula 3-15

Raa)gs

Formula 3-16

Rag)ys
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Formula 3-17 Formula 3-21
(Ra2)ar

10

15

Formula 3-18

20

25
Formula 3-22

30

(Ra4)ai

R, R,
Formula 3-19
(RZZ)ae
4
} 35
40
(Ra1)ad o)
24 )ai Rl RZ
- (R23)ag 45
Rou).
Raa)ai K, R Formula 3-23
Formula 3-20
(Ra2)ar 50
\
4
55
/\(RZI)HC
60
- (R23)ag
Ra3)an
Roa)ai 65
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Formula 3-24

Ra3)an

Formula 3-25

(R23)ag

Ra4)ai
Formula 3-26

Rod)g— 71— T Ra3)gg

Formula 3-27

(Raog)gs
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InFormulae3-1t03-27,R,,R,,R,, toR,,, Y, and acto aj
are defined as described above.

For example, in Formulae 3-1 to 3-27, Y, may be
N-(L)),.-(Ry1),5;and R, toR,, may behydrogen, but are not
limited thereto.

Alternatively, for example, in Formulae 3-1 to 3-27, Y,
may be S or O; R,, to R,; are hydrogen; ai and aj are 1; and
R,, may be -(L,),,~(R,,),,, but they are not limited thereto.
L,, ao, R, ,, and ap are defined as described above.

According to an embodiment, the condensed-cyclic com-
pound may be represented by any one of Formulae 4-1to 4-19
below, but is not limited thereto.

Formula 4-1

- (R23)ag
R :
( 24)az R, Ry
Formula 4-2
- (RZI)ac
T (R23)ag
R .
( 24)az R] RZ
Formula 4-3
(Ra2)aa
(RZI)ac
- (R23)ag

(Raa)ai
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Formula 4-4
S

) (Ra2)aa
4

Formula 4-5

Ra3)an

Formula 4-6

 Ra2)ae

(Ra3)an
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-continued

Formula 4-7

i Razlee

Roa)ai

Formula 4-8

i R22)ae

(Ra4)g

Formula 4-9

(Ra4)gs

Formula 4-10

Ra4)ai
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Formula 4-11

Formula 4-12

Raz)ar

(Ro4)ai

Formula 4-13

(Raz)ar

R ;
( 24)az R, R

Formula 4-14
(Ra2)ar

(Raa)ai
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-continued

Formula 4-15

Roa)ai

Formula 4-16

(Rag)ai

Formula 4-17

(Ra4)g

Formula 4-18

Rag)ys
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Formula 4-19

(Raa)g

R,

Ry

InFormulae 4-1t04-19,R|,R,,R,, toR,,. Y, and acto aj
are defined as described above.

For example, in Formulae 3-1 to 3-27 and 4-1 to 4-19, R,
and R, may be each independently selected from a substituted
or unsubstituted C, -C, , alkyl group, a substituted or unsub-
stituted C,-C,, alkoxy group, and a substituted or unsubsti-
tuted C4-C,, aryl group; R,, to R,, may be each indepen-
dently one of: hydrogen; deuterium; a halogen atom; a
hydroxyl group; a cyano group; a nitro group; an amino
group; an amidino group; hydrazine; hydrazone; a carboxyl
group or a salt thereof; a sulfonic acid group or a salt thereof;
a phosphoric acid group or a salt thereof; a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl group, a
hexyl group, aheptyl group, an octyl group, a methoxy group,
an ethoxy group, a propoxy group, a butoxy group, and a
pentoxy group; a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a methoxy group, an ethoxy group, a
propoxy group, a butoxy group, and a pentoxy group substi-
tuted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a phenyl group, a
naphthyl group, and an anthryl group; a phenyl group, a
naphthyl group, an anthryl group, a pyridinyl group, a pyri-
midinyl group, a pyrazinyl group, and a triazinyl group; a
phenyl group, a naphthyl group, an anthryl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, and a triazinyl
group substituted with at least one of deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, and an anthryl group; and -(L,),,,~(R 5),,,,; Y, may
be O, S, or N-(L,),,-(R,),,: and ac to aj may be 1 or 2.

In this regard, L., may be one of a substituted or unsubsti-
tuted phenylene group, a substituted or unsubstituted naph-
thylene group, or a substituted or unsubstituted anthrylene
group; aa may be 0, 1, or 2; R, may be one of: a pyrrolyl
group, a pyrazolyl group, an imidazolyl group, a pyridinyl
group, a pyrazinyl group, a pyrimidinyl group, an indolyl
group, a purinyl group, abenzoimidazolyl group, a quinolinyl
group, and an isoquinolinyl group; and a pyrrolyl group, a
pyrazolyl group, an imidazolyl group, a pyridinyl group, a
pyrazinyl group, a pyrimidinyl group, an indolyl group, a
purinyl group, a benzoimidazolyl group, a quinolinyl group,
and an isoquinolinyl group substituted with at least one of
deuterium, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
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thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a phe-
nyl group, a naphthyl group, and an anthryl group; and ab may
be 1or?2.

For example, in Formulae 3-1 to 3-27 and 4-1 to 4-19, R,
and R, may be each independently one of: a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a methoxy group,
an ethoxy group, a propoxy group, a butoxy group, and a
pentoxy group; a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a methoxy group, an ethoxy group, a
propoxy group, a butoxy group, and a pentoxy group substi-
tuted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a phenyl group, a
naphthyl group, and an anthryl group; a phenyl group, a
naphthyl group, and an anthryl group; and a phenyl group, a
naphthyl group, and an anthryl group substituted with at least
one of deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereof, a C,-C, alkyl group, and a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, and an anthryl
group; R,, to R,, may be each independently hydrogen; Y,
may be O, S, or N-(L,),,-(R; ,),»; and ac to aj may be 1 or 2.
For example, L, may be selected from a substituted or unsub-
stituted phenylene group, a substituted or unsubstituted naph-
thylene group, and a substituted or unsubstituted anthrylene
group; aa may be 0, 1, or 2; R;; may be represented by
Formula 9; and ab may be 1 or 2.

For example, the condensed-cyclic compound may be rep-
resented by any one of Formulae 3-1, 3-3, 3-6, 3-8, and 3-9,
Y, may be N-(L,),,-(R,1),.,; L, may be selected from a sub-
stituted or unsubstituted phenylene group, a substituted or
unsubstituted naphtylene group, a substituted or unsubsti-
tuted fluorenylene group, a substituted or unsubstituted spiro-
fluorenylene group, a substituted or unsubstituted anthrylene
group, a substituted or unsubstituted fluoranthenylene group,
a substituted or unsubstituted triphenylenylene group, and a
substituted or unsubstituted pyrenylene; aa may be 0, 1, or 2;
R,; may be represented by Formula 9; ab may be 1 or 2; and
R, and R, are each independently selected from a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a phenyl group, a naphthyl group, and an anthryl
group, but they are not limited thereto.

According to an embodiment, the condensed-cyclic com-
pound may be any one of Compounds 1 to 13 below, but is not
limited thereto.

S

N
YN
N,

DI

|
N
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Since Y, of Formula 2, which may be the ring A, of the
condensed-cyclic compound represented by Formula 1, may
beO, S, orN-(L)),,-(R,,),,, the condensed-cyclic compound
of Formula 1 may improve hole mobility and electron mobil-
ity in a balanced way. Thus, the condensed-cyclic compound
may be efficiently used as a light-emitting material, particu-
larly, a phosphorescent host material, of an organic light-
emitting diode.

In addition, in the condensed-cyclic compound of Formula
1, R, and R, are not linked to each other. The condensed-
cyclic compound of Formula 1 is easily synthesized and has a
molecular weight suitable for deposition. Because the com-
pound of Formula 1 has thermal resistance, an organic light-
emitting diode including the same may have a long lifespan.
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The organic light-emitting diode including the condensed-
cyclic compound may have low driving voltage, high effi-
ciency, high brightness and long lifespan.

The condensed-cyclic compound represented by Formula
1 may be synthesized using known organic synthesis meth-
ods. The method of synthesizing the condensed-cyclic com-
pound will be obvious to one or ordinary skill in the art with
reference to examples that will be described later.

The condensed-cyclic compound of Formula 1 may be
interposed between a pair of electrodes of an organic light-
emitting diode. For example, the condensed-cyclic com-
pound may be used in an emission layer (EML).

According to another embodiment of the present invention,
there is provided an organic light-emitting diode including a
first electrode, a second electrode disposed opposite to the
first electrode, and an organic layer interposed between the
first electrode and the second electrode, the organic layer
including at least one condensed-cyclic compound repre-
sented by Formula 1 as described above.

The phrase “(the organic layer) includes at least one con-
densed-cyclic compound” used herein may be interpreted as
“(the organic layer) includes one condensed-cyclic com-
pound represented by Formula 1, or at least two different
condensed-cyclic compounds represented by Formula 17.

For example, the organic layer may include Compound 1
alone as the condensed-cyclic compound. In this regard,
Compound 1 may be present in the EML of the organic
light-emitting diode. Alternatively, the organic layer may
include Compound 1 and Compound 2 as the condensed-
cyclic compounds. In this regard, Compound 1 and Com-
pound 2 may be disposed in the same layer (for example,
Compound 1 and Compound 2 may be disposed in the EML),
or in different layers (for example, Compound 1 may be
disposed in the EML and Compound 2 may be disposed in the
electron transport layer (ETL)).

The organic layer may include at least one layer selected
from the group consisting of a hole injection layer (HIL), a
hole transport layer (HTL), a functional layer having both
hole injecting and hole transporting capabilities (H-func-
tional layer), a buffer layer, an electron blocking layer (EBL),
an EML, a hole blocking layer (HBL), an ETL, an electron
injection layer (EIL), and a functional layer having both elec-
tron injecting and electron transporting capabilities (E-func-
tional layer).

The term “organic layer” used herein refers to a single layer
and/or multiple layers interposed between the first and second
electrodes of the organic light-emitting diode.

The organic layer may include an EML that includes the
condensed-cyclic compound.

The condensed-cyclic compound contained in the EML
may be used as a host, for example, a phosphorescent host. In
this regard, the EML may further include a dopant. The
dopant may be a phosphorescent dopant. For example, the
phosphorescent dopant may be an organometallic compound
comprising a metal selected from Ir, Pt, Os, Ti, Zr, Hf, Eu, Tb,
and Tm.

FIG. 1 is a schematic sectional view of an organic light-
emitting diode 10 according to an embodiment of the present
invention. Hereinafter, the organic light-emitting diode 10
and a method of fabricating the organic light-emitting diode
10 will be described with reference to FIG. 1.

A substrate 11, which may be any substrate that is com-
monly used in organic light-emitting diodes, may be a glass
substrate or a transparent plastic substrate with excellent
mechanical strength, thermal stability, transparency, surface
smoothness, ease of handling, and waterproofness.

A first electrode 13 may be formed on the substrate 11 by
depositing or sputtering a material that is used to form the first
electrode 13. When the first electrode 13 constitutes an anode,
the material used to form the first electrode 13 may be a high
work function material so as to facilitate hole injection. The
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first electrode 13 may be a reflective electrode or a transmis-
sive electrode. Transparent and conductive materials such as
indium tin oxide (ITO), indium zinc oxide (IZO), tin oxide
(Sn0,), and zinc oxide (ZnO) may be used to form the first
electrode 13. The first electrode 13 may be formed as a reflec-
tive electrode using one of magnesium (Mg), aluminum (Al),
aluminum-lithium (Al—Li), calcium (Ca), magnesium-in-
dium (Mg—In), magnesium-silver (Mg—Ag), and the like.

The first electrode 13 may have a single-layered or a multi-
layered structure. For example, the first electrode 13 may
have a triple-layered structure of ITO/Ag/ITO, but is not
limited thereto.

The organic emission layer 15 is formed on the first elec-
trode 13.

The organic layer 15 may include an HIL, an HTL, a buffer
layer, an EML, an ETL, and an EIL.

The HIL may be formed on the first electrode 13 by
vacuum deposition, spin coating, casting, [.angmuir-Blodgett
(LB) deposition, or the like.

When the HIL is formed using vacuum deposition, the
deposition conditions may vary depending upon the com-
pound that is used to form the HIL, and the structure and
thermal characteristics of the HIL to be formed. For example,
the deposition conditions may include a deposition tempera-
ture of 100 to 500° C., a vacuum pressure of 1075 to 107> torr,
and a deposition rate of about 0.01 to about 100 A/sec, but are
not limited thereto.

When the HIL is formed using spin coating, coating con-
ditions may vary depending upon the compound that is used
to form the HIL and the structure and thermal characteristics
of'the HIL to be formed. For example, the coating conditions
may include a coating speed of about 2000 rpm to about 5000
rpm and a thermal treatment temperature of about 80° C. to
about 200° C., the thermal treatment having the purpose of
removing a solvent after coating. However, the coating con-
ditions are not limited thereto.

Any known hole injecting materials may be used to form
the HIL, and examples of known hole injecting materials may
be N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phe-
nyl]-biphenyl-4,4'-diamine (DNTPD), a phthalocyanine
compound such as copperphthalocyanine, 4,4',4"-tris(3-me-
thylphenylphenylamino)triphenylamine (m-MTDATA),
N,N'-di(1-naphthyl)-N,N'-diphenylbenzidine (NPB),
TDATA, 2T-NATA, polyaniline/dodecylbenzenesulfonic
acid (Pani/DBSA), poly(3,4-ethylenedioxythiophene)/poly
(4-styrenesulfonate) (PEDOT/PSS), polyaniline/camphor
sulfonic acid (Pani/CSA), and (polyaniline)/poly(4-styrene-
sulfonate) (PANI/PSS), but are not limited thereto.

m-MTDATA
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2-TNATA

The thickness of the HIL. may be about 100 to about 10,000
A, and for example, about 100 to about 1,000 A. When the
thickness of the HIL is within this range, the HIL, may have
excellent hole injecting ability without a substantial increase
in driving voltage.

Then, the HTL may be formed on the HIL by using vacuum
deposition, spin coating, casting, [.B deposition, or the like.
When the HTL is formed by vacuum deposition or spin coat-
ing, the conditions for deposition and coating may be similar
to those for the formation of the HIL,, although the conditions
for the deposition and coating may vary according to the
material that is used to form the HTL.

Examples of the known hole transporting material include
carbazole derivatives such as N-phenylcarbazole and polyvi-
nyl carbazole, N,N-bis(3-methylphenyl)-N,N-diphenyl-[1,1-
biphenyl]|-4,4'-diamine (TPD), 4,4'.4"-tris (N-carbazolyl)
triphenylamine (TCTA), and N,N'-di(1-naphthyl)-N,N'-
diphenylbenzidine (NPB), but are not limited thereto.
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TPD

Q Q

The thickness of the HTL may be in a range of about 50 to
about 2,000 A or, for example, about 100 to about 1,500 A.
When the thickness of the HTL is within this range, the HTL
may have excellent hole transporting ability without a sub-
stantial increase in driving voltage.

oVeleVe
sgeloge

NPB

The H-functional layer may include at least one of the hole
injecting materials and hole transporting materials as
described above, and the thickness of the H-functional layer
may be in the range of about 500 A to about 10,000 A, or for
example, about 100 A to about 1,000 A. When the thickness
of'the H-functional layer is within this range, the H-functional
layer may have excellent hole injecting and transporting abili-
ties without a substantial increase in driving voltage.

Meanwhile, at least one of the HIL, HTL, and the H-func-
tional layer may include at least one of the compounds rep-
resented by Formulae 300 and 350 below.

Formula 300

Rss

Res
Re4
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Formula 350
Ry Rz
/ \
N

N N
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Anyy Arx

In Formulae 300 and 350, Ar,, and Ar,, may be each
independently a substituted or unsubstituted C5-C,, arylene
group, and Ar,, and Ar,, may be a substituted or unsubsti-
tuted C,;-Cq, aryl group. Ar,; and Ar,, are defined as
described above with reference to L. Ar,, and Ar,, are
defined as described above with reference to R ;.

In Formula 300, e and f are each independently an integer
from Oto 5, or 0, 1, or 2. For example, e may be 1, and f may
be 0, but they are not limited thereto.

In Formulae 300 and 350, Rs; to Rsg Rg; to Rgo, R, and
R, may be each independently selected from hydrogen, deu-
terium, a halogen atom, a hydroxyl group, a cyano group, a
nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or salts thereof, a sulfonic acid
group or salts thereof, a phosphoric acid or salts thereof, a
substituted or unsubstituted C,-C,, alkyl group, a substituted
orunsubstituted C,-C, alkenyl group, a substituted or unsub-
stituted C,-C, alkynyl group, a substituted or unsubstituted
C,-Cq, alkoxy group, a substituted or unsubstituted C;-Cg,
cycloalkyl group, a substituted or unsubstituted C,-Cg, aryl
group, a substituted or unsubstituted C5-Cg, aryloxy group,
and a substituted or unsubstituted C5-C, arylthio group. For
example, R, to Rsq, R to Ry, R, and R, may be each
independently one of: hydrogen; deuterium; a halogen atom;
a hydroxyl group; a cyano group; a nitro group; an amino
group; an amidino group; hydrazine; hydrazone; a carboxyl
group or a salt thereof; a sulfonic acid group or a salt thereof;
a phosphoric acid group orasalt thereof; a C,-C, ; alkyl group
(e.g., a methyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, and a hexyl group); a C,-C,, alkoxy
group (e.g., a methoxy group, an ethoxy group, a propoxy
group, a butoxy group, and a pentoxy group); a C,-C, , alkyl
group and a C, -C, ; alkoxy group substituted with at least one
selected from the group consisting of deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, and a phosphoric acid group or a salt thereof; a phenyl
group; a naphthyl group; an anthryl group; a fluorenyl group;
a pyrenyl group; and a phenyl group, a naphthyl group, an
anthryl group, a fluorenyl group, and a pyrenyl group substi-
tuted with at least one selected from the group consisting of
deuterium, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, and a C,-C, , alkoxy group, but
are not limited thereto.

In Formula 300, R, may be one of: a phenyl group; a
naphthyl group; an anthryl group; a biphenyl group; a pyridyl
group; and a phenyl group, a naphthyl group, an anthryl
group, a biphenyl group, and a pyridyl group substituted with
at least one selected from the group consisting of deuterium,
a halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine, hydra-
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zone, a carboxyl group or a salt thereof, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt thereof, a
substituted or unsubstituted C,-C,, alkyl group, and a substi-
tuted or unsubstituted C,-C,, alkoxy group.

According to an embodiment of the present invention, the
compound of Formula 300 may be represented by Formula
300A below, but is not limited thereto.

Formula 300A

Rsy
\
N O

In Formula 300A, R, Rso, Rg; and Ry, are defined as
described above.

For example, at least one of the HIL, the HTL, and the
H-functional layer may include at least one of Compounds
301 to 320 below, but is not limited thereto.

O
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319

At least one of the HIL, the HTL, and the H-functional
layer may further include a charge-generating material in
addition to known hole injecting materials, known hole trans-
porting materials, and/or materials having both hole injecting
and hole transporting capabilities in order to improve con-
ductivity of the layer.

The charge-generating material may be a p-dopant. The
p-dopant may be a quinone derivative, a metal oxide, or a
cyano group-containing compound, but is not limited thereto.
Examples of the p-dopant include a quinine derivative such as
tetracyanoquinonedimethane (TCNQ) and 2,3,5,6-tet-
rafluoro-tetracyano- 1,4-benzoquinonedimethane
(F4TCNQ); a metal oxide such as tungsten oxide and molyb-
denum oxide; and a cyano group-containing compound such
as Compound 200 below, but are not limited thereto.
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Compound 200
CN
NC
)
N N, CN
Z
I\i N CN
N
NC 7
CN
F F
NC CN
NC CN
F F
F4-TCNQ

If the HIL, the HTL, or the H-functional layer further
includes the charge-generating material, the charge-generat-
ing material may be homogeneously or non-homogeneously
dispersed in the HIL, the HTL, or the H-functional layer, or a
variety of modifications may be possible.

A buffer layer may be interposed between the EML and at
least one of the HIL, the HTL, and the H-functional layer. The
buffer layer may increase efficiency by compensating an opti-
cal resonant distance according to a wavelength of light emit-
ted from the EML. The buffer layer may include known hole
injecting materials and known hole transporting materials.
The buffer layer may also include a material that is the same
as one of the materials contained in the HIL,, the HTL, and the
H-functional layer disposed under the buffer layer.

The EML may be formed on the HTL, the H-functional
layer, or the buffer layer by vacuum deposition, spin coating,
casting, LB deposition, or the like. When the EML is formed
by using vacuum deposition or spin coating, the deposition
and coating conditions may be similar to those used to form
the HIL, although the deposition and coating conditions may
vary according to a compound that is used to form the EML.

The EML may include a host and a dopant.

As the host, the condensed-cyclic compound represented
by Formula 1 as described above may be used.

If the organic light-emitting diode is a full-color organic
light-emitting diode, the EML may be patterned to a red
EML, a green EML, and a blue EML. Alternatively, the EML
may have a structure in which a red EML, a green EML,
and/or a blue EML are deposited and may emit a white light.

Meanwhile, at least one of the red, green, and blue EMLs
may include the following dopant (ppy=phenylpyridine).

For example, the following compounds may be used as a
blue dopant, but it is not limited thereto.
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For example, the following compounds may be used as a
red dopant, but useful red dopants are not limited thereto.
Alternatively, DCM or DCJTB, which will be described later, 20
may be used as a red dopant.
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Meanwhile, the dopant used in the EML may be a Pt-
complex, which will be described later, but is not limited

thereto.
Me
DCM 30
D1
t-Bu
D2
For example, the following compounds may be used as
green dopants, but useful green dopants are not limited <
thereto. Alternatively, C545T below may be used as a green
dopant.
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In addition, the dopant used in the EML may be an Os-
complex, which will be described later, but is not limited
thereto.

Os(fppz)2(CO)2

10

15

20

25

30

35

40

45

60

65

60

-continued

Os(fptz)2(PPhsMe),
C3F7

>=N =
\ PhMe, |
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| PhMe, \
/ N
C3F5
Os(hptz),(PPhMe;)»

Ifthe EML includes a host and a dopant, the amount of the
dopant may be in the range of about 0.01 to about 15 parts by
weight based on 100 parts by weight of the host, but is not
limited thereto.

The thickness of the EML may be in the range of about 100
A to about 1000 A, or for example, about 200 A to about 600
A. When the thickness of the EML is within this range, the
EML may have excellent light emitting ability without a
substantial increase in driving voltage.

Then, the ETL may be formed on the EML by vacuum
deposition, spin coating, casting, or the like. When the ETL is
formed using vacuum deposition or spin coating, the deposi-
tion and coating conditions may be similar to those for for-
mation of the HIL, although the deposition and coating con-
ditions may vary according to a compound that is used to form
the ETL. A material that is used to form the ETL may be any
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material stably transporting electrons injected from the elec-
tron injecting electrode (cathode). Examples of known elec-
tron transporting materials include quinoline derivatives,
such as tris-(8-hydroxyquinoline) aluminum (Alg3), TAZ,
Balg, beryllium bis(benzoquinolin-10-olate) (Balq,), ADN, 5
Compound 201, and Compound 202, but are not limited
thereto.
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-continued

Compound 202

BCP

The thickness of the ETL may be in the range of about 100
A to about 1,000 A, for example, about 150 A to about 500 A.
When the thickness of the ETL is within the described range,
the ETL may have excellent electron transporting ability
without imparting a substantial increase in driving voltage.

Alternatively, the ETL. may further include a metal-con-
taining material in addition to known electron transporting
organic compounds.

The metal-containing material may include a Li complex.
Examples of the Li complex include lithium quinolate (LiQ)
or Compound 203 below but are not limited thereto.

Compound 203
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In addition, the EIL, may be formed on the ETL using any
material that allows electrons to be easily injected from the
cathode.

Examples of electron injecting materials include LiF,
NaCl, CsF, Li,0O, and BaO, which are known in the art. The
conditions for deposition of the EIL are similar to those for
formation of the HIL, although the deposition conditions may
vary depending upon the material that is used to form the EIL.

The thickness of the EIL may be in the range of about 1 to
about 100 A, or, for example, in the range of about 3 to about
90 A. When the thickness of the EIL is within this range, the
EIL. may have excellent electron injecting ability without
imparting a substantial increase in driving voltage.

A second electrode 17 is disposed on the organic layer 15.
The second electrode 17 may be a cathode, which is an
electron injecting electrode. A metal used to form the second
electrode 17 may be a metal, an alloy, an electrically conduc-
tive compound that has a low work function, or a mixture
thereof. For example, the second electrode 17 may be selected
from a transmissive electrode formed of lithium (i), magne-
sium (Mg), aluminum (Al), an Al:Li alloy, calcium (Ca), a
Mg:In alloy, and a Mg: Ag alloy in a thin film. Meanwhile, in
order to manufacture a top-emission type organic light-emit-
ting device, a transmissive electrode formed of ITO or [ZO
may be used, and various modifications may be applied
thereto.

The organic light-emitting diode is described with refer-
ence to FIG. 1, but is not limited thereto.

In addition, when a phosphorescent dopant is used to form
the EML, an HBL may be formed between the HTL and the
EML or between the H-functional layer and the EML by
using vacuum deposition, spin coating, casting, LB deposi-
tion, or the like, in order to prevent diftusion of triplet excitons
orholes into the ETL. When the HBL is formed using vacuum
deposition or spin coating, the conditions for deposition and
coating may be similar to those for the formation of the HIL,
although the conditions for deposition and coating may vary
according to the material that is used to form the HBL. Any
known hole blocking material that is commonly used in the
art may be used. Examples of known hole blocking materials
include an oxadiazole derivative, a triazole derivative, and a
phenanthroline derivative. For example, BCP may be used as
the hole blocking material.

BCP

The thickness of the HBL. may be in a range of about 20 to
about 1,000 A, or, for example, about 30 to about 300 A.
When the thickness of the HBL is within this range, the HBL
may have excellent hole blocking ability without a substantial
increase in driving voltage.

Hereinafter, one or more embodiments will be described in
detail with reference to the following examples. These
examples are not intended to limit the purpose and scope of
the one or more embodiments of the present invention.
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Examples of the unsubstituted C,-Cy, alkyl group (or the
C,-Cq, alkyl group) used herein are a linear or branched
C,-Cq, alkyl group such as methyl, ethyl, propyl, isobutyl,
sec-butyl, pentyl, iso-amyl, and hexyl. The substituted
C,-Cq, alkyl group is obtained by substituting at least one
hydrogen atom of the unsubstituted C,-Cg, alkyl group with
one of deuterium, a halogen atom, a hydroxyl group, a nitro
group, a cyano group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
sulfonic acid group or a salt thereof, a phosphoric acid group
orasaltthereof, aC,-C, alkyl group, a C,-C,, alkenyl group,
a C,-Cq, alkynyl group, a C4-Cg, aryl group, a C,-Cg, het-
eroaryl group, —N(Q;,)(Q15), and 8i(Q,5)(Q,4)(Q; 5), where
Q,; to Q,5 are each independently hydrogen, a C,-C, al
group, a C,-Cg, alkenyl group, a C,-Cg, alkynyl group, a
C5-Cg, aryl group, and a C,-Cg, heteroaryl group.

The unsubstituted C,-Cg, alkoxy group (or the C,-Cg,
alkoxy group) used herein may be represented by —OA, A
being an unsubstituted C,-C, alkyl group. Examples of the
C,-Cg, alkoxy group include methoxy, ethoxy, and isopropy-
loxy, and at least one hydrogen atom of the C,-Cq, alkoxy
group may be substituted with the same substituent groups
described above with reference to the C,-Cg, alkyl group.

Theunsubstituted C,-C,, alkenyl group (or C,-C,, alkenyl
group) used herein refers to a hydrocarbon chain having at
least one carbon-carbon double bond within or at a terminal of
the unsubstituted C,-C, alkyl group. Examples ofthe C,-C,
alkenyl group include ethenyl, propenyl, and butenyl. At least
one hydrogen atom in the unsubstituted C,-C, alkenyl group
may be substituted with the same substituent groups
described above with reference to the C,-Cg, alkyl group.

The unsubstituted C,-Cg, alkynyl group (or the C,-Cq
alkynyl group) used herein refers to a hydrocarbon chain
having at least one carbon-carbon triple bond within or at a
terminal of the unsubstituted C,-C, alkyl group. Examples
of'the C,-Cg, alkenyl group include ethynyl and propynyl. At
least one hydrogen atom in the unsubstituted C,-C, alkynyl
group may be substituted with the same substituent groups
described above with reference to the C,-Cg, alkyl group.

The unsubstituted C5-C, aryl group used herein refers to a
monovalent group having a C5-C, carbocyclic aromatic sys-
tem including at least one aromatic ring. The unsubstituted
C5-Cg, arylene group used herein refers to a divalent group
having a C;-Cg, carbocyclic aromatic system including at
least one aromatic ring. If the aryl group and arylene group
include at least two rings, they may be fused to each other. At
least one hydrogen atom in the aryl group and arylene group
may be substituted with the same substituent groups
described above with reference to the C,-Cg, alkyl group.

Examples of the substituted or unsubstituted C5-Cg,, aryl
group are a phenyl group, a C,-C,, alkylphenyl group (e.g.,
ethylphenyl group), a C,-C, , alkylbiphenyl group (e.g., eth-
ylbiphenyl group), a halophenyl group (e.g., 0-, m-, and
p-fluorophenyl group and dichlorophenyl group), a dicy-
anophenyl group, a trifluoromethoxyphenyl group, an o-, m-,
and p-tolyl group, an o-, m-, and p-cumenyl group, a mesityl
group, a phenoxyphenyl group, an (a,c.-dimethylbenzene)
phenyl group, an (N,N'-dimethyl)aminophenyl group, an
(N,N'-diphenyl)aminophenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, a halonaphthyl group (e.g.,
fluoronaphthyl group), a C,-C,, alkylnaphthyl group (e.g.,
methylnaphthyl group), aC, -C, , alkoxynaphthyl group (e.g.,
methoxynaphthyl group), an anthracenyl group, an azulenyl
group, a heptalenyl group, an acenaphthylenyl group, a phe-
nalenyl group, a fluorenyl group, an anthraquinolyl group, a
methylanthryl group, a phenanthryl group, a triphenylenyl
group, a pyrenyl group, a chrycenyl group, an ethyl-chrysenyl
group, a picenyl group, a perylenyl group, a chloroperylenyl
group, a pentaphenyl group, a pentacenyl group, a tetraphe-
nylenyl group, a hexaphenyl group, a hexacenyl group, a



US 9,324,953 B2

65

rubicenyl group, a coronelyl group, a trinaphthylenyl group,
a heptaphenyl group, a heptacenyl group, a pyranthrenyl
group, and an ovalenyl group. Examples of the substituted
C5-Cyp aryl group may be easily derived from examples of the
unsubstituted C5-Cg, aryl group as described above and the
substituents of the substituted C,-C, alkyl group. Examples
of the substituted or unsubstituted C5-C, arylene group may
be easily derived from examples of the substituted or unsub-
stituted C5-Cg, aryl group.

The unsubstituted C,-C, heteroaryl group is a monovalent
group having at least one aromatic ring having at least one of
the heteroatoms selected from N, O, P, and S. The unsubsti-
tuted C,-C, heteroarylene group is a divalent group having at
least one aromatic ring having at least one of the heteroatoms
selected from N, O, P, and S. In this regard, when the het-
eroaryl group and the heteroarylene group have at least two
rings, they may be fused to each other. At least one hydrogen
atom in the heteroaryl group and the heteroarylene group may
be substituted with the same substituent groups described
above with reference to the C,-Cg, alkyl group.

Examples of the unsubstituted C,-C, heteroaryl group are
a pyrazolyl group, an imidazolyl group, an oxazolyl group, a
thiazolyl group, a triazolyl group, a tetrazolyl group, an oxa-
diazolyl group, a pyridinyl group, a pyridazinyl group, a
pyrimidinyl group, a triazinyl group, a carbazolyl group, an
indolyl group, a quinolinyl group, an isoquinolinyl group, a
benzoimidazolyl group, an imidazopyridinyl group, and an
imidazopyrimidinyl group. Examples of the unsubstituted
C,-Cg, heteroarylene group may be easily derived from
examples of the substituted or unsubstituted C,-C, arylene
group.

The substituted or unsubstituted C5-Cyg, aryloxy group is
—OA,, A, being a substituted or unsubstituted C5-Cg, aryl
group. The substituted or unsubstituted Cs-Cg, arylthio group
is —SA,, A, being a substituted or unsubstituted C5-C, aryl

group.
EXAMPLES
Synthesis Example 1
Synthesis of Compound 1
Compound 1 was synthesized through Reaction Scheme 1

below.

Reaction Scheme 1
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Compound 1

Synthesis of Intermediate 1-1

20 g (119.61 mmol) of carbazole was dissolved in 100 ml
of dimethylformamide (DMF), and the solution was added to
a reactor in which 7.07 g (179.42 mmol, 60% dispersion in
mineral oil) of NaH was dissolved in 100 ml of DMF. After
one hour, 38.42 g (143.53 mmol) of 2-chloro-4,6-diphenyl-
triazine dissolved in 100 ml of DMF was added thereto. The
mixture was stirred for 12 hours, and then distilled water was
added thereto to obtain a solid. The solid was filtered under
reduced pressure and recrystallized using ethyl acetate (EA)
and DMF to obtain 25.74 g (64.59 mmol, 54%) of Interme-
diate 1-1.

Synthesis of Intermediate 1-2

20 g (50.19 mmol) of Intermediate 1-1 was dissolved in
200 ml of DMF, and 9.83 g (55.21 mmol) of N-bromosuccin-
imide (NBS) was added thereto. After the mixture was stirred
at room temperature for 10 hours, the organic solvent was
distilled under reduced pressure, and water was added
thereto. Then, the resultant was subjected to extraction using
acetate (EA). The resultant was dried using magnesium sul-
fate, distilled under reduced pressure, and separately purified
using column chromatography to obtain 22.04 g (41.90
mmol, 92%) of Intermediate 1-2.
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Synthesis of Intermediate 1-3

20 g (41.90 mmol) of Intermediate 1-2 was dissolved in
200 ml of tetrahydrofuran (THF), and 16.76 ml (41.90 mmol,
2.5M in hexane) of n-buli was slowly added thereto at —78°
C. After stifling for 1 hour, 6.07 ml (54.47 mmol) of trimethyl
borate was added thereto, and the mixture was heated to room
temperature and stirred for 12 hours. Distilled water was
added thereto and the mixture was subjected to extraction
using EA, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 7.41 g (16.67 mmol, 40%)
of Intermediate 1-3.

Synthesis of Intermediate 1-4

10 g (22.61 mmol) of Intermediate 1-3 and 5.48 g (27.13
mmol) of bromo-2-nitrobenzene, 0.79 g (0.68 mmol) of tet-
rakis(triphenylphosphine)palladium(0)(Pd(PPh,),), 22.18
ml (45.22 mmol) of 2M K,CO; aqueous solution, 80 ml of
toluene, and 30 ml of ethanol were refluxed while stifling.
After 4 hours, the mixture was cooled to room temperature,
and distilled water was added thereto. The mixture was sub-
jected to extraction using EA, dried using magnesium sulfate,
and distilled under reduced pressure. The resultant was sepa-
rately purified using column chromatography to obtain 8.69 g
(16.73 mmol, 74%) of Intermediate 1-4.

Synthesis of Intermediate 1-5

10 g (19.25 mmol) of Intermediate 1-4 was mixed with 100
ml of triethylphosphite, and the mixture was stirred at 180° C.
After 10 hours, the mixture was cooled to room temperature,
and an organic solvent was distilled under reduced pressure.
Distilled water was added thereto, and the mixture was sub-
jected to extraction using EA, dried using magnesium sulfate,
and distilled under reduced pressure. The resultant was sepa-
rately purified using column chromatography to obtain 5.62 g
(11.55 mmol, 60%) of Intermediate 1-5.

Synthesis of Intermediate 1-6

10 g (20.55 mmol) of Intermediate 1-5, 11.63 g (41.11
mmol) of 2-bromoiodobenzene, 1.96 g (10.28 mmol) of Cul,
and 5.68 g (41.11 mmol) of potassium carbonate were dis-
solved in xylene in a nitrogen atmosphere, and the mixture
was refluxed while stirring. After 12 hours, the mixture was
cooled to room temperature, distilled water was added
thereto, and the mixture was subjected to extraction using
methyl chloride (MC), dried using magnesium sulfate, and
distilled under reduced pressure. The resultant was separately
purified using column chromatography to obtain 5.55 g (8.63
mmol, 42%) of Intermediate 1-6.

Synthesis of Compound 1

10 g (15.56 mmol) of Intermediate 1-6 was dissolved in
100 m1 of THF, and 6.22 ml (15.56 mmol, 2.5M in hexane) of
n-bul.i was slowly added thereto at —78° C. After stifling for
2 hours, 1.20 ml (20.23 mmol) of acetone was added thereto,
and the mixture was heated to room temperature slowly.
Then, a NaHCO,; aqueous solution was added thereto, and the
mixture was subjected to extraction using methylene chloride
(MC). The resultant was dried using magnesium sulfate, dis-
tilled under reduced pressure, and added to a separate two-
neck flask to be mixed with 100 ml of acetic acid. A HCI
aqueous solution (5 mol %, 12N) in a catalytic amount was
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added thereto and the mixture was refluxed while stifling. -continued
After 12 hours, the mixture was cooled to room temperature,
and distilled water was added thereto. The mixture was sub-
jected to extraction using MC, dried using magnesium sul-
fate, and distilled under reduced pressure. The resultant was >
separately purified using column chromatography to obtain
5.45 g (9.03 mmol, 58%) of Compound 1.

MS: m/z 603.24 [M]*

'"HNMR (CDCl,) 8 7.55 (2H), 7.48 (4H), 7.40 (1H), 7.37

N

(1H),7.32 (4H), 7.22 (2H), 7.20 (2H), 7.10 (2H), 7.08 (1H), 1o
7.00 (2H), 6.95 (1H), 6.92 (1H), 1.67 (6H) Intermediate 3.2
Synthesis Example 2
Synthesis of Compound 2 P

10 g (15.56 mmol) of Intermediate 1-6 that was prepared in
the same manner as in Synthesis Example 1 was dissolved in
100 ml of THF, and 6.22 ml (15.56 mmol, 2.5M in hexane) of
n-bul.i was slowly added thereto at —78° C. After stifling for
2 hours, 3.69 g (20.23 mmol) of benzophenone dissolved in
50 ml of THF was added thereto, and the mixture was heated
to room temperature slowly. Then, a NaHCO, aqueous solu-
tion was added thereto, and the mixture was subjected to
extraction using MC. The resultant was dried using magne-
sium sulfate, distilled under reduced pressure, and added to a
separate two-neck flask to be mixed with 100 ml of acetic
acid. Then, a HCl aqueous solution (5 mol %, 12N) was added
thereto, and the mixture was refluxed while stifling. After 12
hours, the mixture was cooled to room temperature, and dis- 30
tilled water was added thereto. The mixture was subjected to
extraction using MC, dried using magnesium sulfate, and
distilled under reduced pressure. The resultant was separately
purified using column chromatography to obtain 6.12 g (8.40
mmol, 54%) of Compound 2. 35

MS: m/z 727.27 [M]*

'"HNMR (CDCl) 8 7.55 (2H), 7.48 (4H), 7.40 (1H), 7.36
(1H),7.32 (4H), 7.22 (2H), 7.14 (4H), 7.10 (4H), 7.08 (1H),
7.07 (2H), 7.06 (4H), 7.00 (2H), 6.88 (2H)
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Intermediate 3-3

Synthesis Example 3 0

Synthesis of Compound 3

Compound 3 was synthesized through Reaction Scheme 3

below. *

Reaction Scheme 3
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-continued

Compound 3

Synthesis of Intermediate 3-1

20 g (61.36 mmol) of 1,4-dibromo-2,5-dinitrobenzene,
18.7 g (153.40 mmol) of 1-phenylboronic acid, 4.30 g (3.68
mmol) of Pd(PPh,),, 90.29 ml (184.08 mmol) of 2M K,CO,
aqueous solution, 80 ml of toluene, and 100 ml of ethanol
were mixed and refluxed while stirring. After 10 hours, the
mixture was cooled to room temperature, and distilled water
was added thereto. The mixture was subjected to extraction
using A, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 16.99 g (53.38 mmol,
87%) of Intermediate 3-2.

Synthesis of Intermediate 3-2

9.27 g (36.44 mmol, 58%) of Intermediate 3-2 was pre-
pared in the same manner as in the synthesis of Intermediate
1-5 of Synthesis Example 1, except that 20 g (62.83 mmol) of
Intermediate 3-1 and 200 ml of triethylphosphite were used
instead of 10 g of Intermediate 1-4 and 100 ml of triethylphos-
phite.

Synthesis of Intermediate 3-3

20 g (78.65 mmol) of Intermediate 3-2 was dissolved in
100 ml of DMF, and the solution was added to a reactor in
which 4.65 g (117.98 mmol, 60% dispersion in mineral oil) of
NaH was dissolved in 100 ml of DMF. After one hour, 37.90
g (141.57 mmol) of 2-chloro-4,6-diphenyltriazine dissolved
in 100 ml of DMF was added thereto. The mixture was stirred
for 12 hours, and then distilled water was added thereto to
obtain a solid. The solid was filtered under reduced pressure
and recrystallized using EA and DMF to obtain 10.71 g
(22.02 mmol, 28%) of Intermediate 3-3.

Synthesis of Intermediate 3-4

5.28 g(8.22 mmol, 40%) of Intermediate 3-4 was prepared
in the same manner as in the synthesis of Intermediate 1-6 of
Synthesis Example 1, except that Intermediate 3-3 was used
instead of Intermediate 1-5.
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Synthesis of Compound 3

5.07 g (8.40 mmol, 54%) of Compound 3 was prepared in
the same manner as in the synthesis of Compound 1 of Syn-
thesis Example 1, except that Intermediate 3-4 was used
instead of Intermediate 1-6.

MS: nvz 603.24 [M]*

'H1 NMR (CDCl,) 8 7.55 (2H), 7.48 (4H), 7.40 (2H), 7.37
(1H), 7.32 (4H), 7.22 (2H), 7.20 (2H), 7.10 (2H), 7.08 (1H),
7.00 (1H), 6.95 (1H), 6.92 (1H), 1.67 (6H)

Synthesis Example 4

Synthesis of Compound 4

Compound 4 was synthesized through Reaction Scheme 4
below.

Reaction Scheme 4

N

O~
<l

N
X

N /N
N

0

Intermediate 4-1

\

=N

oQ,

Intermediate 4-2



US 9,324,953 B2

73
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N
A

N /N

N

O

B(OH),

Intermediate 4-3
N,
A
N = N
N,
NO, .

Intermediate 4-4
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-continued
N
X
N / N
—_—
N,
O: N
Br
Intermediate 4-6
N
X

;
O

Compound 4

Synthesis of Intermediate 4-1

31.79 g (66.98 mmol, 56%) of Intermediate 4-1 was pre-
pared in the same manner as in the synthesis of Intermediate
1-1 of Synthesis Example 1, except that 49.35 g (143.53
mmol) of 2-(4-chlorophenyl)-4,6-diphenyltriazine was used
instead of 2-chloro-4,6-diphenyltriazine.

Synthesis of Intermediate 4-2

20.99 g (37.93 mmol, 90%) of Intermediate 4-2 was pre-
pared in the same manner as in the synthesis of Intermediate
1-2 of Synthesis Example 1, except that 20 g (42.14 mmol) of
Intermediate 4-1 was used instead of Intermediate 1-1 and
9.00 g (50.57 mmol) of NBS was used.

Synthesis of Intermediate 4-3

20 g (36.14 mmol) of Intermediate 4-2 was dissolved in
200 ml of tetrahydrofuran (THF), and 14.45 ml (41.90 mmol,
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2.5M in hexane) of n-buli was slowly added thereto at -78°
C. After stirring for 1 hour, 5.23 ml (46.98 mmol) of trimethyl
borate was added thereto, and the mixture was heated to room
temperature and stirred for 12 hours. Distilled water was
added thereto and the mixture was subjected to extraction
using A, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 7.49 g (14.45 mmol, 40%)
of Intermediate 4-3.

Synthesis of Intermediate 4-4

10 g (19.29 mmol) of Intermediate 4-3 and 4.67 g (23.15
mmol) of bromo-2-nitrobenzene, 0.68 g (0.58 mmol) of
Pd(PPh,),, 18.92 ml (38.58 mmol) of 2M K,CO; aqueous
solution, 80 ml oftoluene, and 30 ml of ethanol were refluxed
while stifling. After 4 hours, the mixture was cooled to room
temperature, and distilled water was added thereto. The mix-
ture was subjected to extraction using EA, dried using mag-
nesium sulfate, and distilled under reduced pressure. The
resultant was separately purified using column chromatogra-
phy to obtain 8.27 g (13.89 mmol, 72%) of Intermediate 4-4.

Synthesis of Intermediate 4-5

5.67 g (10.07 mmol, 60%) of Intermediate 4-5 was pre-
pared in the same manner as in the synthesis of Intermediate
1-5 of Synthesis Example 1, except that 10 g (16.79 mmol) of
Intermediate 4-4 was used instead of Intermediate 1-4.

Synthesis of Intermediate 4-6

10 g (17.77 mmol) of Intermediate 4-5, 10.06 g (35.55
mmol) of 2-bromoiodobenzene, 1.69 g (8.89 mmol) of Cul,
and 4.91 g (35.55 mmol) of potassium carbonate were dis-
solved in xylene in a nitrogen atmosphere, and the mixture
was refluxed while stirring. After 12 hours, the mixture was
cooled to room temperature, distilled water was added
thereto, and the mixture was subjected to extraction using
MC, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 5.11 g (7.11 mmol, 40%)
of Intermediate 4-6.

Synthesis of Compound 4

10 g (13.91 mmol) of Intermediate 4-6 was dissolved in
100 ml of THF, and 5.56 ml (13.91 mmol, 2.5M in hexane) of
n-bul.i was slowly added thereto at —78° C. After stifling for
2 hours, 1.05 ml (18.09 mmol) of acetone was added thereto,
and the mixture was heated to room temperature slowly.
Then, a NaHCO; aqueous solution was added thereto, and the
mixture was subjected to extraction using MC. The resultant
was dried using magnesium sulfate, distilled under reduced
pressure, and added to a separate two-neck flask to be mixed
with 100 ml of acetic acid. A HCI aqueous solution (5 mol %,
12N) having the same amount as the catalyst was added
thereto and the mixture was refluxed while stifling. After 12
hours, the mixture was cooled to room temperature, and dis-
tilled water was added thereto. The mixture was subjected to
extraction using MC, dried using magnesium sulfate, and
distilled under reduced pressure. The resultant was separately
purified using column chromatography to obtain 5.68 g (8.35
mmol, 60%) of Compound 4.

MS: m/z 679.27 [M]*
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'H1 NMR (CDCl,) 8 7.55 (2H), 7.50 (2H), 7.48 (4H), 7.40
(1H), 7.37 (1H), 7.32 (4H), 7.30 (2H), 7.22 (2H), 7.20 (2H),
7.10 (2H), 7.08 (1H), 7.00 (2H), 6.95 (1H), 6.92 (1H), 1.67
(6H)

Synthesis Example 5

Synthesis of Compound 5

Compound 5 was synthesized through Reaction Scheme 5
below.

Reaction Scheme 5
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Br

Intermediate 5-6

o
%0
400

Compound 5

—_—

Synthesis of Intermediate 5-4

8.76 g (15.37 mmol, 68%) of Intermediate 5-4 was pre-
pared in the same manner as in the synthesis of Intermediate
1-4 of Synthesis Example 1, except that 6.84 g (27.13 mmol)
of bromo-2-nitronaphthalene was used instead of bromo-2-
nitrobenzene.

Synthesis of Intermediate 5-5

5.65 g (10.53 mmol, 60%) of Intermediate 5-5 was pre-
pared in the same manner as in the synthesis of Intermediate
1-5 of Synthesis Example 1, except that 10 g (17.56 mmol) of
Intermediate 5-4 was used instead of Intermediate 1-4.

Synthesis of Intermediate 5-6

10 g (18.64 mmol) of Intermediate 5-5, 10.54 g (37.27
mmol) of 2-bromoiodobenzene, 1.78 g (9.32 mmol) of Cut
and 5.15 g (37.27 mmol) of potassium carbonate were dis-
solved in xylene in a nitrogen atmosphere, and the mixture
was refluxed while stirring. After 12 hours, the mixture was
cooled to room temperature, distilled water was added

w
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thereto, and the mixture was subjected to extraction using
MC, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 5.16 g (7.45 mmol, 40%)
of Intermediate 5-6.

Synthesis of Compound 5

10 g (14.44 mmol) of Intermediate 5-6 was dissolved in
100 m1 of THF, and 5.77 ml (14.44 mmol, 2.5M in hexane) of
n-bul.i was slowly added thereto at —78° C. After stifling for
2 hours, 1.09 ml (18.77 mmol) of acetone was added thereto,
and the mixture was heated to room temperature. Then, a
NaHCO; aqueous solution was added thereto, and the mix-
ture was subjected to extraction using MC. The resultant was
dried using magnesium sulfate, distilled under reduced pres-
sure, and added to a separate two-neck flask to be mixed with
100 ml of acetic acid. A HCl aqueous solution (5 mol %, 12N)
in a catalytic amount was added thereto and the mixture was
refluxed while stifling. After 12 hours, the mixture was cooled
to room temperature, and distilled water was added thereto.
The mixture was subjected to extraction using MC, dried
using magnesium sulfate, and distilled under reduced pres-
sure. The resultant was separately purified using column
chromatography to obtain 5.10 g (7.80 mmol, 54%) of Com-
pound 5.

MS: nv/z 653.26 [M]*

'H1 NMR (CDCl,) 8 7.67 (2H), 7.55 (2H), 7.48 (4H), 7.40
(1H), 7.32 (4H), 7.22 (2H), 7.20 (2H), 7.10 (2H), 7.08 (1H),
7.00 (2H), 6.87 (1H), 1.73 (6H)

Synthesis Example 6

Synthesis of Compound 6

Compound 6 was synthesized through Reaction Scheme 6
below.

Reaction Scheme 6
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-continued

Br

Intermediate 6-6

Compound 6

Synthesis of Intermediate 6-1

27.57 g (69.37 mmol, 58%) of Intermediate 6-1 was pre-
pared in the same manner as in the synthesis of Intermediate
1-1 of Synthesis Example 1, except that 38.28 g (143.53
mmol) of 2-chloro-4,6-diphenylpyrimidine was used instead
of 2-chloro-4,6-diphenyltriazine.

Synthesis of Intermediate 6-2

21.57 g (45.29 mmol, 90%) of Intermediate 6-2 was pre-
pared in the same manner as in the synthesis of Intermediate
1-2 of Synthesis Example 1, except that 20 g (50.32 mmol) of
Intermediate 6-1 was used instead of Intermediate 1-1 and
9.85 g (55.35 mmol) of NBS was used.

Synthesis of Intermediate 6-3

20 g (41.98 mmol) of Intermediate 6-2 was dissolved in
200 ml of THF, and 16.79 ml (41.98 mmol, 2.5M in hexane)
of n-buli was slowly added thereto at -78° C. After stifling
for 1 hour, 6.08 ml (54.58 mmol) of trimethyl borate was
added thereto, and the mixture was heated to room tempera-
ture and stirred for 12 hours. Distilled water was added
thereto and the mixture was subjected to extraction using EA,
dried using magnesium sulfate, and distilled under reduced
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pressure. The resultant was separately purified using column
chromatography to obtain 7.41 g (16.79 mmol, 40%) of Inter-
mediate 6-3.

Synthesis of Intermediate 6-4

10 g (22.66 mmol) of Intermediate 6-3 and 6.85 g (27.19
mmol) of bromo-2-nitronaphthalene, 0.79 g (0.68 mmol) of
Pd(PPh,),, 22.23 ml (45.32 mmol) of 2M K,CO; aqueous
solution, 80 ml oftoluene, and 30 ml of ethanol were refluxed
while stirring. After 4 hours, the mixture was cooled to room
temperature, and distilled water was added thereto. The mix-
ture was subjected to extraction using EA, dried using mag-
nesium sulfate, and distilled under reduced pressure. The
resultant was separately purified using column chromatogra-
phy to obtain 10.05 g (17.68 mmol, 78%) of Intermediate 6-4.

Synthesis of Intermediate 6-5

5.84 g (10.90 mmol, 62%) of Intermediate 6-5 was pre-
pared in the same manner as in the synthesis of Intermediate
1-5 of Synthesis Example 1, except that 10 g (17.59 mmol) of
Intermediate 6-4 was used instead of Intermediate 1-4.

Synthesis of Intermediate 6-6

10 g (18.67 mmol) of Intermediate 6-5, 10.56 g (37.34
mmol) of 2-bromoiodobenzene, 1.78 g (9.33 mmol) of Cul,
and 5.16 g (37.34 mmol) of potassium carbonate were dis-
solved in xylene in a nitrogen atmosphere, and the mixture
was refluxed while stirring. After 12 hours, the mixture was
cooled to room temperature, distilled water was added
thereto, and the mixture was subjected to extraction using
MC, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 5.68 g (8.21 mmol, 44%)
of Intermediate 6-6.

Synthesis of Compound 6

10 g (14.46 mmol) of Intermediate 6-6 was dissolved in
100 m1 of THF, and 5.78 ml (14.46 mmol, 2.5M in hexane) of
n-bul.i was slowly added thereto at —78° C. After stifling for
2 hours, 1.09 ml (18.80 mmol) of acetone was added thereto,
and the mixture was heated to room temperature. Then, a
NaHCO; aqueous solution was added thereto, and the mix-
ture was subjected to extraction using MC. The resultant was
dried using magnesium sulfate, distilled under reduced pres-
sure, and added to a separate two-neck flask to be mixed with
100 mlof acetic acid. A HCl aqueous solution (5 mol %, 12N)
having the same amount as the catalyst was added thereto and
the mixture was refluxed while stifling. After 12 hours, the
mixture was cooled to room temperature, and distilled water
was added thereto. The mixture was subjected to extraction
using MC, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 5.85 g (8.96 mmol, 62%)
of Compound 6.

MS: m/z 652.26 [M]*
'H NMR (CDCL,) 8 7.70 (1H), 7.67 (2H), 7.55 (2H), 7.48

(4H), 7.40 (1H), 7.32 (4H), 7.22 (2H), 7.20 (2H), 7.10 (2H),
7.08 (1H), 7.00 (2H), 6.87 (1H), 1.73 (6H)
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Synthesis Example 7
Synthesis of Compound 7

Compound 7 was synthesized through Reaction Scheme 7
below.

Reaction Scheme 7
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Intermediate 7-6

Compound 7

Synthesis of Intermediate 7-1

20 g (178.40 mmol) of 1,2-cyclohexyldione was dissolved
in 500 ml of ethanol, and 6.25 g (58.87 mmol) of phenyl
hydrazine was slowly added thereto. 0.13 ml (2.37 mmol) of
acetic acid was added thereto, and the mixture was heated to
40° C. Then, the resultant was cooled to room temperature
after 2 hours, and distilled water was added thereto to obtain
a solid. The solid was filtered under reduced pressure to
obtain 19.84 g (98.12 mmol, 55%) of Intermediate 7-1.

Synthesis of Intermediate 7-2

20 g (98.89 mmol) of Intermediate 7-1 was dissolved in
100 ml of acetic acid, and 10 ml of trifluoroacetic acid was
added thereto. The mixture was stirred at room temperature
for 2 hours, and distilled water was added thereto. Then, the
mixture was neutralized with a NaOH aqueous solution, sub-
jected to extraction with EA, and dried with magnesium sul-
fate. The resultant was distilled under reduced pressure and
separately purified using column chromatography to obtain
84 g (64.285 mmol, 65%) of Intermediate 7-2.

Synthesis of Intermediate 7-3

20 g (108.57 mmol) of Intermediate 7-2, 61.43 g (217.14
mmol) of 2-bromoiodobenzene, 10.35 g (54.29 mmol) of
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Cul, and 30 g (217.14 mmol) of potassium carbonate were
dissolved in xylene in a nitrogen atmosphere, and the mixture
was refluxed while stirring. After 12 hours, the mixture was
cooled to room temperature, distilled water was added
thereto, and the mixture was subjected to extraction using
MC, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 16.62 g (48.86 mmol,
45%) of Intermediate 7-3.

Synthesis of Intermediate 7-4

20 g (58.79 mmol) of Intermediate 7-3 was dissolved in
200 ml of THF, and 23.51 ml (58.79 mmol, 2.5M in hexane)
of n-buli was slowly added thereto at -78° C. After stifling
for 2 hours, 4.44 ml (76.42 mmol) of acetone was added
thereto, and the mixture was heated to room temperature.
Then, a NaHCO,; aqueous solution was added thereto, and the
mixture was subjected to extraction using MC. The resultant
was dried using magnesium sulfate, distilled under reduced
pressure, and added to a separate two-neck flask to be mixed
with 200 ml of acetic acid. A HCI aqueous solution (5§ mol %,
12N) having the same amount as the catalyst was added
thereto and the mixture was refluxed while stifling. After 12
hours, the mixture was cooled to room temperature, and dis-
tilled water was added thereto. The mixture was subjected to
extraction using MC, dried using magnesium sulfate, and
distilled under reduced pressure. The resultant was separately
purified using column chromatography to obtain 11.52 g
(38.21 mmol, 47%) of Intermediate 7-4.

Synthesis of Intermediate 7-5

20 g (66.36 mmol) of Intermediate 7-4 was dissolved in
500 ml of ethanol, and 12.60 g (79.63 mmol) of 2-naphthyl
hydrazine was slowly added thereto. 0.15 ml (2.65 mmol) of
acetic acid was added thereto, and the mixture was heated to
40° C. After 2 hours, the resultant was cooled to room tem-
perature, and distilled water was added thereto to produce a
solid. The solid was filtered under reduced pressure to obtain
21.10 g (47.78 mmol, 72%) of Intermediate 7-5.

Synthesis of Intermediate 7-6

10 g (22.65 mmol) of Intermediate 7-5 was dissolved in 50
ml of acetic acid, and 5 ml of trifluoroacetic acid was added
thereto. The mixture was stirred at room temperature for 2
hours, and distilled water was added thereto. Then, the mix-
ture was neutralized with a NaOH aqueous solution and dried
with magnesium sulfate. The resultant was distilled under
reduced pressure and separately purified using column chro-
matography to obtain 12.69 g (30.10 mmol, 63%) of Inter-
mediate 7-6.

Synthesis of Compound 7

10 g (14.46 mmol) of Intermediate 7-6 was dissolved in 50
ml of dimethylformamide (DMF), and the solution was added
to a reactor in which 1.40 g (35.59 mmol, 60% dispersion in
mineral oil) of NaH was dissolved in 50 ml of DMF. After one
hour, 7.59 g (28.47 mmol) of 2-chloro-4,6-diphenylpyrimi-
dine dissolved in 50 ml of DMF was added thereto. The
mixture was stirred for 12 hours, and then distilled water was
added thereto to produce a solid. The solid was filtered under
reduced pressure and recrystallized using EA and DMF to
obtain 6.05 g (13.52 mmol, 57%) of Compound 7.

MS: m/z 652.26 [M]*
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'"H NMR (CDCl,) 8 7.70 (1H), 7.67 (2H), 7.55 (1H), 7.48 —continued
(4H), 7.40 (2H), 7.37 (1H), 7.32 (6H), 7.22 (2H), 7.20 (2H),
7.10 (2H), 7.08 (1H), 6.95 (1H), 6.92 (1H), 1.67 (6H) O
. 5 x
Synthesis Example 8 |
N = N
Synthesis of Compound 8
10
Compound 8 was synthesized through Reaction Scheme 8
below.
N

Reaction Scheme 8 15
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-continued

!

Z
\
Z

Z

S50
av,

Intermediate 8-6

A

N

g
-0

Compound 8

N

Br

Synthesis of Intermediate 8-1

33.99 g (71.77 mmol, 60%) of Intermediate 8-1 was pre-
pared in the same manner as in the synthesis of Intermediate
1-1 of Synthesis Example 1, except that 49.21 g (143.53
mmol) of 2-(4-chlorophenyl)-4,6-diphenylpyrimidine was
used instead of 2-chloro-4,6-diphenyltriazine.

Synthesis of Intermediate 8-2

19.60 g (35.48 mmol, 84%) of Intermediate 8-2 was pre-
pared in the same manner as in the synthesis of Intermediate
1-2 of Synthesis Example 1, except that 20 g (42.23 mmol) of
Intermediate 8-1 was used instead of Intermediate 1-1 and
8.27 g (46.46 mmol) of NBS was used.

Synthesis of Intermediate 8-3

20 g (36.20 mmol) of Intermediate 8-2 was dissolved in
200 ml of tetrahydrofuran (THF), and 14.48 m1 (36.20 mmol,
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2.5M in hexane) of n-buli was slowly added thereto at —78°
C. After stifling for 1 hour, 5.42 ml (47.06 mmol) of trimethyl
borate was added thereto, and the mixture was heated to room
temperature and stirred for 12 hours. Distilled water was
added thereto, and the mixture was subjected to extraction
using EA, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 8.11 g (15.20 mmol, 42%)
of Intermediate 8-3.

Synthesis of Intermediate 8-4

10 g (18.75 mmol) of Intermediate 8-3 and 5.67 g (22.50
mmol) of bromo-2-nitronaphthalene, 0.66 g (0.56 mmol) of
Pd(PPh,),, 18.39 ml (37.49 mmol) of 2M K,CO; aqueous
solution, 80 ml oftoluene, and 30 ml of ethanol were refluxed
while stirring. After 4 hours, the mixture was cooled to room
temperature, and distilled water was added thereto. The mix-
ture was subjected to extraction using EA, dried using mag-
nesium sulfate, and distilled under reduced pressure. The
resultant was separately purified using column chromatogra-
phy to obtain 8.92 g (13.50 mmol, 72%) of Intermediate 8-4.

Synthesis of Intermediate 8-5

5.92 g(9.69 mmol, 64%) of Intermediate 8-5 was prepared
in the same manner as in the synthesis of Intermediate 1-5 of
Synthesis Example 1, except that 10 g (15.13 mmol) of Inter-
mediate 8-4 was used instead of Intermediate 1-4.

Synthesis of Intermediate 8-6

10 g (16.35 mmol) of Intermediate 8-5, 9.25 g (32.69
mmol) of 2-bromoiodobenzene, 1.56 g (8.17 mmol) of Cut
and 4.52 g (32.69 mmol) of potassium carbonate were dis-
solved in xylene in a nitrogen atmosphere, and the mixture
was refluxed while stifling. After 12 hours, the mixture was
cooled to room temperature, distilled water was added
thereto, and the mixture was subjected to extraction using
MC, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 5.77 g (7.52 mmol, 46%)
of Intermediate 8-6.

Synthesis of Compound 8

10 g (13.03 mmol) of Intermediate 8-6 was dissolved in
100 ml of THF, and 5.21 ml (13.03 mmol, 2.5M in hexane) of
n-bul.i was slowly added thereto at —78° C. After stifling for
2 hours, 0.98 ml (16.93 mmol) of acetone was added thereto,
and the mixture was heated to room temperature. Then, a
NaHCO; aqueous solution was added thereto, and the mix-
ture was subjected to extraction using MC. The resultant was
dried using magnesium sulfate, distilled under reduced pres-
sure, and added to a separate two-neck flask to be mixed with
100 ml of acetic acid. A HCl aqueous solution (5 mol %, 12N)
in a catalytic amount was added thereto and the mixture was
refluxed while stifling. After 12 hours, the mixture was cooled
to room temperature, and distilled water was added thereto.
The mixture was subjected to extraction using MC, dried
using magnesium sulfate, and distilled under reduced pres-
sure. The resultant was separately purified using column
chromatography to obtain 5.70 g (7.82 mmol, 60%) of Com-
pound 8.

MS: m/z 728.29 [M]*
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'H NMR (CDCL,) 8 7.67 (2H), 7.55 (2H), 7.50 (2H), 7.48
(4H0), 7.40 (1H), 7.32 (6H), 7.30 (2H), 7.22 (2H), 7.20 (2H),
7.10 (1H), 7.08 (1H), 7.00 (2H), 6.87 (1H), 1.73 (6H)

Synthesis Example 9

Synthesis of Compound 9

Compound 9 was synthesized through Reaction Scheme 9
below.

Reaction Scheme 9
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-continued
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Compound 9

Synthesis of Intermediate 9-4

8.81 g (17.00 mmol, 75%) of Intermediate 9-4 was pre-
pared in the same manner as in the synthesis of Intermediate
6-3 of Synthesis Example 6, except that 5.49 g (27.19 mmol)
of bromo-2-nitrobenzene was used instead of bromo-2-ni-
tronaphthalene.

Synthesis of Intermediate 9-5

6.09 g (12.53 mmol, 65%) of Intermediate 9-5 was pre-
pared in the same manner as in the synthesis of Intermediate
1-5 of Synthesis Example 1, except that 10 g (19.28 mmol) of
Intermediate 9-4 was used instead of Intermediate 1-4.

Synthesis of Intermediate 9-6

10 g (20.59 mmol) of Intermediate 9-5, 13.71 g (41.19
mmol) of 2-bromoiodonaphthalene, 1.96 g (10.30 mmol) of
Cut and 5.69 g (41.19 mmol) of potassium carbonate were
dissolved in xylene in a nitrogen atmosphere, and the mixture
was refluxed while stirring. After 12 hours, the mixture was
cooled to room temperature, distilled water was added
thereto, and the mixture was subjected to extraction using
MC, dried using magnesium sulfate, and distilled under
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reduced pressure. The resultant was separately purified using
column chromatography to obtain 6.12 g (8.86 mmol, 43%)
of Intermediate 9-6.

Synthesis of Compound 9

10 g (14.46 mmol) of Intermediate 9-6 was dissolved in
100 m1 of THF, and 5.78 ml (14.46 mmol, 2.5M in hexane) of
n-bul.i was slowly added thereto at —78° C. After stifling for
2 hours, 1.09 ml (18.80 mmol) of acetone was added thereto,
and the mixture was heated to room temperature. Then, a
NaHCO; aqueous solution was added thereto, and the mix-
ture was subjected to extraction using MC. The resultant was
dried using magnesium sulfate, distilled under reduced pres-
sure, and added to a separate two-neck flask to be mixed with
100 mlof acetic acid. A HCl aqueous solution (5 mol %, 12N)
having the same amount as the catalyst was added thereto and
the mixture was refluxed while stifling. After 12 hours, the
mixture was cooled to room temperature, and distilled water
was added thereto. The mixture was subjected to extraction
using MC, dried using magnesium sulfate, and distilled under
reduced pressure. The resultant was separately purified using
column chromatography to obtain 6.14 g (9.40 mmol, 65%)
of Compound 9.

MS: m/z 652.26 [M]*

'H NMR (CDCl,) $ 7.70 (2H), 7.60 (2H), 7.55 (2H), 7.50
(1H), 7.48 (4H), 7.40 (1H), 7.37 (1H), 7.32 (4H), 7.30 (2H),
7.22 (2H), 7.08 (1H), 7.00 (2H), 6.95 (1H), 6.92 (1H), 1.73
(6H)

Synthesis Example 10

Synthesis of Compound 10

Compound 10 was synthesized through Reaction Scheme

10 below.

Reaction Scheme 10
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-continued

Intermediate 10-4

ﬁ
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Compound 10

Synthesis of Intermediate 10-2

Intermediate 10-2 was prepared in the same manner as in
the synthesis of Intermediate 1-2 of Synthesis Example 1,
except that Intermediate 10-1 was used instead of Intermedi-
ate 1-1.
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Synthesis of Intermediate 10-3

Intermediate 10-3 was prepared in the same manner as in
the synthesis of Intermediate 1-3 of Synthesis Example 1,
except that Intermediate 10-2 was used instead of Intermedi-
ate 1-2.

Synthesis of Intermediate 10-4

Intermediate 10-4 was prepared in the same manner as in
the synthesis of Intermediate 1-4 of Synthesis Example 1,
except that Intermediate 10-3 was used instead of Intermedi-
ate 1-3.

Synthesis of Intermediate 10-5

Intermediate 10-5 was prepared in the same manner as in
the synthesis of Intermediate 1-5 of Synthesis Example 1,
except that Intermediate 10-4 was used instead of Intermedi-
ate 1-4.

Synthesis of Intermediate 10-6

Intermediate 10-6 was prepared in the same manner as in
the synthesis of Intermediate 1-6 of Synthesis Example 1,
except that Intermediate 10-5 was used instead of Intermedi-
ate 1-5 and 2-(4-bromo-3-iodo-phenyl)-4,6-diphenyl-triaz-
ine was used instead of 2-bromoidobenzene.

Synthesis of Compound 10

Compound 10 was synthesized with a yield of 52% in the
same manner as in the synthesis of Compound 1 of Synthesis
Example 1, except that Intermediate 10-6 was used instead of
Intermediate 1-6.

MS: m/z 620.20 [M]*

'H NMR (CDCL,) 8 7.86 (2H), 7.78 (1H), 7.48 (4H), 7.37
(1H), 7.33 (1H), 7.32 (4H), 7.30 (2H), 7.22 (2H), 7.20 (1H),
6.95 (1H), 6.92 (1H), 1.67 (6H)

Synthesis Example 11

Synthesis of Compound 11

Compound 11 was prepared with a yield of 54% in the
same manner as in the synthesis of Synthesis Example 10,
except that Intermediate 11-1 was used instead of Intermedi-
ate 10-1.

Intermediate 11-1
O,

OO

MS: m/z 604.23 [M]*

'H NMR (CDCL,) 8 7.49 (1H), 7.48 (4H), 7.42 (2H), 7.37
(1H), 7.32 (4H), 7.30 (2H), 7.22 (2H), 7.20 (1H), 7.19 (2H),
7.13 (1H), 6.95 (1H), 6.92 (1H), 1.67 (6H)
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Synthesis Example 12
Synthesis of Compound 12

Compound 12 was synthesized through Reaction Scheme
12 below.

Reaction Scheme 12
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Synthesis of Intermediate 12-4

Intermediate 12-4 was prepared in the same manner as in
the synthesis of Intermediate 12-4 of Synthesis Example 1,
except that Intermediate 10-3 was used instead of Intermedi-
ate 1-3 and bromo-2-nitronaphthalene was used instead of
bromo-2-nitrobenzene.

Synthesis of Intermediate 12-5

Intermediate 12-5 was prepared in the same manner as in
the synthesis of Intermediate 12-5 of Synthesis Example 1,
except that Intermediate 12-4 was used instead of Intermedi-
ate 1-4.

Synthesis of Intermediate 12-6

Intermediate 12-6 was prepared in the same manner as in
the synthesis of Intermediate 12-6 of Synthesis Example 1,
except that Intermediate 12-5 was used instead of Intermedi-
ate 5-5 and 2-(4-bromo-3-iodo-phenyl)-4,6-diphenyl-pyri-
midine was used instead of 2-bromoidobenzene.

Synthesis of Compound 12

Compound 12 was synthesized with a yield of 48% in the
same manner as in the synthesis of Compound 1 of Synthesis
Example 1, except that Intermediate 12-6 was used instead of
Intermediate 1-6.

MS: m/z 669.22 [M]*

'"H NMR (CDCl,) 8 7.86 (2H), 7.78 (1H), 7.67 (2H), 7.48
(4H), 7.32 (6H), 7.31 (2H), 7.30 (2H), 7.28 (1H), 7.22 (2H),
7.20 (1H), 6.87 (1H), 1.73 (6H)

Synthesis Example 13
Synthesis of Compound 13

Compound 13 was prepared with a yield of 49% in the
same manner as in the synthesis of Synthesis Example 12,
except that Intermediate 13-3 was used instead of Intermedi-
ate 12-3.

Intermediate 13-3
O,

O

B(OH),

MS: m/z 653.25 [M]*

'H NMR (CDCL,) 8 7.67 (2H), 7.49 (1H), 7.48 (4H), 7.42
(2H), 7.32 (6H), 7.30 (2H), 7.28 (1H), 7.22 (2H), 7.20 (1H),
7.19 (2H), 7.13 (1H), 6.87 (1H), 1.73 (6H)

Example 1

An ITO glass substrate (50x50 mm, 15 €/cm?) that is a
glass substrate for an organic light-emitting diode (OLED)
manufactured by Samsung-Corning was ultrasonically
cleaned by using distilled water and then isopropanol and
UV/ozone cleaned for 30 minutes. The cleaned glass sub-
strate to which a transparent electrode line is attached was
installed on a substrate holder of a vacuum deposition appa-
ratus, and 4,4'4"-tris(N-(2-naphthyl)-N-phenyl-amino)-
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triphenylamine (2T-NATA) was deposited (using a resistance
heating deposition method) on an ITO electrode (anode) to
form an HIL, with a thickness of 60 nm. N,N'-bis(naphthalen-
1-y1)-N,N-bis(phenyl)benzidine (NPB) was deposited on the
HIL to form an HTL with a thickness of 20 nm, and Com-
pound 1 (host) and tris(2-phenylpyridine)iridium (III) (Ir
(ppy);) (dopant, 8 wt %) were co-deposited on the HTL to
form an EML with a thickness of 30 nm. Then, tris-(8-hy-
droxyquinoline)aluminium-(III)  (Alq,) was deposited
thereon to form an ETL with a thickness of 20 nm. 8-hydrox-
yquinolinolato-lithium (LiQQ) was deposited on the ETL to
form an EIL with a thickness of 1 nm, and Al was deposited
on the EIL to form a cathode with a thickness of 100 nm,
thereby manufacturing an organic light-emitting diode.

Example 2

An organic light-emitting diode was manufactured in the
same manner as in Example 1, except that Compound 2 was
used instead of Compound 1 as a host when the EML was
formed.

Example 3

An organic light-emitting diode was manufactured in the
same manner as in Example 1, except that Compound 3 was
used instead of Compound 1 as a host when the EML was
formed.

Example 4

An organic light-emitting diode was manufactured in the
same manner as in Example 1, except that Compound 4 was
used instead of Compound 1 as a host when the EML was
formed.

Example 5

An organic light-emitting diode was manufactured in the
same manner as in Example 1, except that Compound 10 was
used instead of Compound 1 as a host when the EML was
formed.

Example 6

An organic light-emitting diode was manufactured in the
same manner as in Example 1, except that Compound 11 was
used instead of Compound 1 as a host when the EML was
formed.

Comparative Example 1

An organic light-emitting diode was manufactured in the
same manner as in Example 1, except that 4,4'-bis(9-carba-
zolyl)biphenyl (CBP) was used instead of Compound 1 as a
host when the EML was formed.

Comparative Example 2

An organic light-emitting diode was manufactured in the
same manner as in Example 1, except that Compound A was
used instead of Compound 1 as a host when the EML was
formed.
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Compound A

Example 7

An organic light-emitting diode was manufactured in the
same manner as in Example 1, except that Compound 5 was
used instead of Compound 1 as a host, and Ir(piq),(acac) was
used instead of Ir(ppy); as a dopant when the EML was
formed.

Example 8

An organic light-emitting diode was manufactured in the
same manner as in Example 7, except that Compound 6 was
used instead of Compound 5 as a host when the EML was
formed.

Example 9

An organic light-emitting diode was manufactured in the
same manner as in Example 7, except that Compound 7 was
used instead of Compound 5 as a host when the EML was
formed.

98
Example 10

An organic light-emitting diode was manufactured in the

same manner as in Example 7, except that Compound 8 was

5 used instead of Compound 5 as a host when the EML was
formed.

Example 11

An organic light-emitting diode was manufactured in the

10 same manner as in Example 7, except that Compound 9 was

used instead of Compound 5 as a host when the EML was
formed.

Example 12

15 An organic light-emitting diode was manufactured in the
same manner as in Example 7, except that Compound 12 was
used instead of Compound 5 as a host when the EML was
formed.
20 Example 13
An organic light-emitting diode was manufactured in the
same manner as in Example 7, except that Compound 13 was
used instead of Compound 5 as a host when the EML was

formed.
25

Comparative Example 3

An organic light-emitting diode was manufactured in the
same manner as in Example 7, except that CBP was used
30 instead of Compound 5 as a host when the EML was formed.

Evaluation Example 1

Driving voltage, efficiency, and color purity of the organic
light-emitting diodes manufactured in Examples 1 to 13 and
Comparative Examples 1 to 3 were measured by using the
following methods, and the results are shown in Table 1
below.

Color coordinates: measured using a luminance meter

PR650 while supplying power with a current-voltmeter
40 (Keithley SMU 236).

Brightness: measured using a luminance meter PR650
while supplying power with a current-voltmeter (Kei-
thley SMU 236).

Efficiency: measured using a luminance meter PR650
while supplying power with a current-voltmeter (Kei-
thley SMU 236).

Meanwhile, lifespan T95 indicates a time period (hr) dur-

ing which an initial brightness (at 10 mA/cm?), set at 100%,
decreased to 95%.

TABLE 1
EML Driving Efficiency Color Lifespan
Host Dopant  voltage (V) (Cd/A) coordinates  T95 (hr)
Example 1 Compound 1 Ir(ppy)s 6.2 29.5 (0.282 to 190
0.607)
Example2  Compound 2 Ir(ppy)s 6.3 28.5 (0.280 to 210
0.606)
Example 3 Compound 3 Ir(ppy)s 6.1 29.3 (0.280 to 220
0.606)
Example4  Compound 4 Ir(ppy)s 6.4 27.5 (0.281 to 180
0.607)
Example 5 Compound Ir(ppy)s 6.6 27.2 (0.282 to 160

10 0.606)
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TABLE 1-continued
EML Driving Efficiency Color Lifespan
Host Dopant  voltage (V) (Cd/A) coordinates  T95 (hr)

Example 6 ~ Compound Ir(ppy)s 6.7 279 (0.281 to 170
11 0.606)

Comparative CBP Ir(ppy)s 73 24.2 (0.312to 70
Example 1 0.605)

Comparative Compound A Ir(ppy)s 7.8 21.5 (0.320 to 120
Example 2 0.602)

Example 5 Compound 5 Ir(piq), 6.4 12.5 (0.642 to 480
(acac) 0.352)

Example 6  Compound 6 Ir(piq), 55 14.3 (0.645 to 520
(acac) 0.350)

Example 7  Compound 7 Ir(piq), 5.8 13.9 (0.646 to 470
(acac) 0.350)

Example 8  Compound 8 Ir(piq), 6.0 12.8 (0.646 to 450
(acac) 0.349)

Example 9  Compound 9 Ir(piq), 5.7 13.5 (0.645 to 480
(acac) 0.350)

Example 10  Compound Ir(piq), 5.8 134 (0.645 to 440
12 (acac) 0.350)

Example 11  Compound Ir(piq), 6.0 125 (0.645 to 420
13 (acac) 0.350)

Comparative CBP Ir(piq), 6.8 10.2 (0.635 to 230
Example 3 (acac) 0.355)
25

Referring to Table 1, driving voltage, efficiency, and color -continued

purity of the organic light-emitting diodes manufactured in
Examples 1 to 6 were better than those of the organic light-
emitting diodes manufactured in Comparative Examples 1
and 2, and driving voltage, efficiency, and color purity of the
organic light-emitting diodes manufactured in Examples 5 to
11 were better than those of the organic light-emitting diode
manufactured in Comparative Example 3.

As described above, according to the one or more of the
above embodiments of the present invention, the organic
light-emitting diode including the condensed-cyclic com-
pound may have low driving voltage, high efficiency, and
high color purity.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made

therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. A condensed-cyclic compound, the condensed-cyclic
ring being represented by one of Formulae 3-1 to 3-8 below:

Formula 3-1
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Formula 3-2

(R21)aa

Formula 3-3

(RZI)ac

(Ra2)ar

(Raa)ai

R R

Formula 3-4

Raz)ar
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-continued
Formula 3-5

(RZ 1 )ac

(RZZ)ae

(Raz)an

Formula 3-6

(RZ 1 )ac

(R23)an

Formula 3-7

(RZZ)ae

(Ra4)gs
Formula 3-8

(RZZ)ae (RZ 1 )ac

(Raa)gs

R R

R,, to R,, being each independently selected from hydro-
gen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group of a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a substituted or
unsubstituted C,-Cg4, alkyl group, a substituted or
unsubstituted C,-Cs, alkenyl group, a substituted or
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unsubstituted C,-Cg, alkynyl group, a substituted or
unsubstituted C,-Cg, alkoxy group, a substituted or
unsubstituted C5-C,, cycloalkyl group, a substituted or
unsubstituted C;-C,, cycloalkenyl group, a substituted
or unsubstituted C4-Cg, aryl group, a substituted or
unsubstituted C4-Cq,, aryloxy group, a substituted or
unsubstituted C4-Cq,, arylthio group, a substituted or
unsubstituted C,-Cg, heteroaryl group, and -(L,)ao-

(Rl2)ap;

ac being 1 or 2;

ag being an integer from 1 to 3;

ad, ae, and ai being each independently an integer from 1 to
4

ah being an integer from 1 to 5;

af and aj being each independently an integer from 1 to 6;

Y, selected from O, S, and N-(L,),_,-(R;),5;

L, being selected from a substituted or unsubstituted
Cy-Cqo aryl group and a substituted or unsubstituted
C,-Cg, heteroaryl group;

aa being an integer from 0 to 5;

ab being an integer from 1 to 10;

R, and R, being each independently selected from a sub-
stituted or unsubstituted C,-C,,, alkyl group, a substi-
tuted or unsubstituted C,-C,, alkoxy group, and a sub-
stituted or unsubstituted C,-C, , aryl group;

R,, being selected from a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C4-Cg, aryl group, and a substituted or unsubsti-
tuted C,-Cg, heteroaryl group;

L, being selected from a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted pental-
enylene group, a substituted or unsubstituted indenylene
group, a substituted or unsubstituted naphtylene group, a
substituted or unsubstituted azulenylene group, a substi-
tuted or unsubstituted heptalenylene group, a substituted
or unsubstituted indacenylene group, a substituted or
unsubstituted acenaphtylene group, a substituted or
unsubstituted fluorenylene group, a substituted or
unsubstituted spiro-fluorenyl group, a substituted or
unsubstituted phenalenylene group, a substituted or
unsubstituted phenanthrenylene group, a substituted or
unsubstituted anthrylene group, a substituted or unsub-
stituted fluoranthenylene group, a substituted or unsub-
stituted triphenylenylene group, a substituted or unsub-
stituted pyrenylene group, a substituted or unsubstituted
chrysenylene group, a substituted or unsubstituted naph-
thacenylene group, a substituted or unsubstituted pice-
nylene group, a substituted or unsubstituted peryle-
nylene group, a substituted or unsubstituted
pentaphenylene group, and a substituted or unsubsti-
tuted hexacenylene group;

ao being 0, 1, or 2;

R,, being selected from a substituted or unsubstituted
5-membered hetero ring, a substituted or unsubstituted
6-membered hetero ring, a substituted or unsubstituted
9-membered hetero ring, and a substituted or unsubsti-
tuted 10-membered hetero ring which include at least
one nitrogen (N) as a ring-forming atom; and

ap being 1 or 2.
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2. A condensed-cyclic compound, the condensed-cyclic
ring being represented by one of Formulae 3-1 to 3-8 below;

Formula 3-1

(RZZ)ae

Formula 3-2

(RZZ)ae

Formula 3-3

(RZI)ac

(Raz)ar

Formula 3-4
(Raz)ar

(RZI)ac
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-continued

Formula 3-5

(Ra2)ae (Rap)ac

(Raz)an

Formula 3-6

(RZI)ac

(Ra23)an

Formula 3-7

(RZZ)ae (RZI)ac

Rag)gj
Formula 3-8

(Ra2)ae Rap)ae

ac being 1 or 2;

ag being an integer from 1 to 3;

ad, ae, and ai being each independently an integer from 1 to

ah being an integer from 1 to 5;

af and aj being each independently an integer from 1 to 6;

Y, being selected from S and O, R, to R,,; being hydrogen,
ai and aj being 1, and R,, being -(L,),,-(R, ), in For-
mulae 3-1 to 3-8;

R, and R, being each independently selected from hydro-
gen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group of a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
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phoric acid group or a salt thereof, a substituted or

106

-continued

Formula 3-2

unsubstituted C,-Cg4, alkyl group, a substituted or
unsubstituted C,-C, alkenyl group, a substituted or
unsubstituted C,-C, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C5-C,, cycloalkyl group, a substituted or
unsubstituted C;-C, 4 cycloalkenyl group, a substituted
or unsubstituted C4-Cg, aryl group, a substituted or
unsubstituted aryloxy group, a substituted or unsubsti- 10
tuted C4-Cg, arylthio group, and a substituted or unsub-
stituted heteroaryl group, R, and R, being non-ring
forming substituents which are not linked to each other
and do not form a ring; 15
L, being selected from a substituted or unsubstituted phe-

Formula 3-3

nylene group, a substituted or unsubstituted pental- Y, (Rap)

enylene group, a substituted or unsubstituted indenylene
group, a substituted or unsubstituted naphtylene group,a
substituted or unsubstituted azulenylene group, a substi- Raz)ey
tuted or unsubstituted heptalenylene group, a substituted

or unsubstituted indacenylene group, a substituted or

unsubstituted acenaphtylene group, a substituted or ,5
unsubstituted fluorenylene group, a substituted or

unsubstituted spiro-fluorenyl group, a substituted or

Formula 3-4

unsubstituted phenalenylene group, a substituted or Ra2)er
unsubstituted phenanthrenylene group, a substituted or 5,
unsubstituted anthrylene group, a substituted or unsub-
stituted fluoranthenylene group, a substituted or unsub-
stituted triphenylenylene group, a substituted or unsub-
stituted pyrenylene group, a substituted or unsubstituted ;5
chrysenylene group, a substituted or unsubstituted naph-
thacenylene group, a substituted or unsubstituted pice-
nylene group, a substituted or unsubstituted peryle-
group, a
pentaphenylene group, and a substituted or unsubsti-

nylene substituted or unsubstituted

tuted hexacenylene group; Formula 3-3

ao being 0, 1, or 2;

R,, being selected from a substituted or unsubstituted
5-membered hetero ring, a substituted or unsubstituted
6-membered hetero ring, a substituted r unsubstituted
9-membered hetero ring, and a substituted or unsubsti-
tuted 10-membered hetero ring which include at least
one nitrogen (N) as a ring-forming atom; and

ap being 1 or 2.

3. A condensed-cyclic compound, the condensed-cyclic

ring being represented by one of Formulae 3-1 to 3-8 below:

45

50

Ra3)an

Formula 3-1 33 Formula 3-6

60

(Ra23)an

65
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-continued
Formula 3-7

(Ra1)ag

(Ro4)ai
Formula 3-8
(Ra2)ae Y

(Raa)gs

R R

R,, to R,, being each independently selected from hydro-
gen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxy group of a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a substituted or
unsubstituted C,-C, alkyl group, a substituted or
unsubstituted C,-Cg, alkenyl group, a substituted or
unsubstituted C,-Cg, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted C;-C, 4 cycloalkenyl group, a substituted
or unsubstituted C4-Cq, aryl group, a substituted or
unsubstituted C4-C, aryloxy group, a substituted or
unsubstituted C4-Cq,, arylthio group, a substituted or
unsubstituted C,-C,,, heteroaryl group, and -(L,)ao-
(Ry2) g3

ac being 1 or 2;

ag being an integer from 1 to 3;

ad, ae, and ai being each independently an integer from 1 to
4

ah being an integer from 1 to 5;

af and aj being each independently an integer from 1 to 6;

Y, being selected from O, S, and N-(L;),,-(R; ) »;

L, being selected from a substituted or unsubstituted
Cs-Cg, aryl group and a substituted or unsubstituted
C,-Cg, heteroaryl group;

aa being an integer from 0 to 5;

ab being an integer from 1 to 10;

R, and R, being each independently selected from hydro-
gen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group of a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a substituted or
unsubstituted C,-Cg4, alkyl group, a substituted or
unsubstituted C,-C, alkenyl group, a substituted or
unsubstituted C,-Cg, alkynyl group, a substituted or
unsubstituted C,-C,, alkoxy group, a substituted or
unsubstituted C;-C,, cycloalkyl group, a substituted or
unsubstituted cycloalkenyl group, a substituted or
unsubstituted C,-Cg, aryl group, a substituted or unsub-
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stituted C4-Cy, aryloxy group, a substituted or unsubsti-
tuted C4-Cg, arylthio group, and a substituted or unsub-
stituted C,-C,, heteroaryl group, R, and R, being non-
ring forming substituents which are not linked to each
other and do not form a ring;

R,, being selected from a substituted or unsubstituted
C;-C,, cycloalkyl group, a substituted or unsubstituted
C;-C,, cycloalkenyl group, a substituted or unsubsti-
tuted C4-Cy aryl group; and a substituted or unsubsti-
tuted C,-Cg, heteroaryl group;

L, being selected from a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted pental-
enylene group, a substituted or unsubstituted indenylene
group, a substituted or unsubstituted naphtylene group, a
substituted or unsubstituted azulenylene group, a substi-
tuted or unsubstituted heptalenylene group, a substituted
or unsubstituted indacenylene group, a substituted or
unsubstituted acenaphtylene group, a substituted or
unsubstituted fluorenylene group, a substituted or
unsubstituted spiro-fluorenyl group, a substituted or
unsubstituted phenalenylene group, a substituted or
unsubstituted phenanthrenylene group, a substituted or
unsubstituted anthrylene group, a substituted or unsub-
stituted fluoranthenylene group, a substituted or unsub-
stituted triphenylenylene group, a substituted or unsub-
stituted pyrenylene group, a substituted or unsubstituted
chrysenylene group, a substituted or unsubstituted naph-
thacenylene group, a substituted or unsubstituted pice-
nylene group, a substituted or unsubstituted peryle-
nylene group, a substituted or unsubstituted
pentaphenylene group, and a substituted or unsubsti-
tuted hexacenylene group;

ao being 0, 1, or 2;

R,, being selected from a substituted or unsubstituted
5-membered hetero ring, a substituted or unsubstituted
6-membered hetero ring, a substituted or unsubstituted
9-membered hetero ring, and a substituted or unsubsti-
tuted 10-membered hetero ring which include at least
one nitrogen (N) as a ring-forming atom; and

ap being 1 or 2.

4. The condensed-cyclic compound of claim 3:

Y, being N-(L,),,-(R, ), in Formulas 3-1 to 3-8;

L, being selected from a substituted or unsubstituted phe-
nylene group, a substituted or unsubstituted pental-
enylene group, a substituted or unsubstituted indenylene
group, a substituted or unsubstituted naphtylene group, a
substituted or unsubstituted azulenylene group, a substi-
tuted or unsubstituted heptalenylene group, a substituted
or unsubstituted indacenylene group, a substituted or
unsubstituted acenaphtylene group, a substituted or
unsubstituted fluorenylene group, a substituted or
unsubstituted spiro-fluorenyl group, a substituted or
unsubstituted phenalenylene group, a substituted or
unsubstituted phenanthrenylene group, a substituted or
unsubstituted anthrylene group, a substituted or unsub-
stituted fluoranthenylene group, a substituted or unsub-
stituted triphenylenylene group, a substituted or unsub-
stituted pyrenylene group, a substituted or unsubstituted
chrysenylene group, a substituted or unsubstituted naph-
thacenylene group, a substituted or unsubstituted pice-
nylene group, a substituted or unsubstituted peryle-
nylene group, a substituted or unsubstituted
pentaphenylene group, and a substituted or unsubsti-
tuted hexacenylene group;

aa being 0, 1, or 2;

R,, being selected from a substituted or unsubstituted
5-membered hetero ring, a substituted or unsubstituted
6-membered hetero ring, a substituted or unsubstituted
9-membered hetero ring, and a substituted or unsubsti-
tuted 10-membered hetero ring which include at least
one nitrogen (N) as a ring-forming atom; and
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ab being 1 or 2.

5. The condensed-cyclic compound of claim 4, R, being
one of: a pyrrolyl group, a pyrazolyl group, an imidazolyl
group, a pyridinyl group, a pyrazinyl group, a pyrimidinyl
group, an indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, an isoquinolinyl group, a
phthalazinyl group, a quinoxaline group, a quinazolinyl
group, and a cinnolinyl group; and a pyrrolyl group, a pyra-
zolyl group, an imidazolyl group, a pyridinyl group, a pyrazi-
nyl group, a pyrimidinyl group, an indolyl group, a purinyl
group, a benzoimidazolyl group, a quinolinyl group, an iso-
quinolinyl group, a phthalazinyl group, a quinoxaline group,
a quinazolinyl group, and a cinnolinyl group substituted with
at least one of deuterium a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, and an
anthryl group.

6. The condensed-cyclic compound of claim 4, R, being
represented by any one of Formulae 9 to 15 below:

Formula 9
Rsy X2 Raz
i
Xl\fxs
N
/\/ ﬁ

| >

%

Formula 10

*

(R32)ar

Formula 11

(R32)ar

Formula 12

— (R32)am

!
;

\
\Z

Formula 13

/Z

|7/

(R32)am

Formula 14

Z

2 68

(R32)am

\
\

Formula 15

)
Z//Z

%

(R32)am

\

X,;isNorC(R;;), X, is Nor C(R,,), and X;is N or C(R;5),
and at least one of X, X,, and X; being N;

R;, to R, being each independently hydrogen, deuterium,
ahalogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereof, a phosphoric acid group or a
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salt thereof, a C,-C,, alkyl group, a C,-C,, alkoxy
group, a phenyl group, a naphthyl group, or an anthryl
group;
ak being an integer from 1 to 6;
am being an integer from 1 to 5; and
* being a binding site to L, or nitrogenin Y.
7. The condensed-cyclic compound of claim 6, X |, X, and
X, being N, X, and X, being N and X, being C(R;,), or X,
and X, being N and N; being C(R;5) in Formula 9.

8. The condensed-cyclic compound of claim 3, Y, being
N-(L)),.~(R;1),, and R, to R, being hydrogen in Formulae
3-1to0 3-8.

9. The condensed-cyclic compound of claim 3, the con-
densed-cyclic compound being any one compound of Com-
pounds 1, 2, 4-6 and 8-13 below:

N,
| x
N = N

T
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111
-continued
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-continued
11
O

10. The condensed-cyclic compound of claim 3,R,; toR,,
being each independently one of hydrogen; deuterium; a
halogen atom; a hydroxyl group; a cyano group; a nitro group;
an amino group; an aminidino group; hydrazine; hydrazone;
a carboxyl group or a salt thereof; a sulfonic acid group or a
salt thereof; a phosphoric acid group or a salt thereof; a
C,-C,, alkyl group, and a C,-C,, alkoxy group; a C,-C,,
alkyl group and a C,-C,, alkoxy group substituted with at
least one of deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an aminidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid of a salt thereof, a phosphoric acid
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group or a salt thereof; a phenyl group, a naphthyl group, and
an anthryl group; a C4-C,, aryl group, and a C,-C,, het-
eroaryl group; a C4-C,, aryl group and a C,-C,, heteroaryl
group substituted with at least one of deuterium, a halogen
atom, a hydroxyl group cyano group, a nitro group, an amino
group, an aminidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid of a salt thereof, a
phosphoric acid group or a salt thereof, a C, -C,, alkyl group,
aC,-C,, alkoxy group, a phenyl group, a naphthyl group, and
an anthryl group, and -(L,),,,~(R,5),,,-

11. The condensed-cyclic compound of claims 10, R,, to
R,, being each independently one of: hydrogen; deuterium; a
halogen atom; a hydroxyl group; a cyano group; a nitro group;
an amino group; an amidino group; hydrazine; hydrazone; a
carboxyl group or a salt thereof; a sulfonic acid group or a salt
thereof; a phosphoric acid group or a salt thereof; a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a meth-
0Xy group, an ethoxy group, a propoxy group, a butoxy group,
and a pentoxy group; a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, a heptyl
group, an octyl group, a methoxy group, an ethoxy group, a
propoxy group, a butoxy group, and a pentoxy group substi-
tuted with at least one of deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereof, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a phenyl group, a
naphthyl group, and an anthryl group; a phenyl group, a
naphthyl group, an anthryl group, a pyridinyl group, a pyri-
midinyl group, a pyrazinyl group, and a triazinyl group; a
phenyl group, a naphthyl group, an anthryl group, a pyridinyl
group, a pyrimidinyl group, a pyrazinyl group, and a triazinyl
group substituted with at least one of deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group or a salt thereof, a sulfonic acid group or a salt
thereof, a phosphoric acid group or a salt thereof, a C,-C,,,
alkyl group, a C,-C,, alkoxy group, a phenyl group, a naph-
thyl group, and an anthryl group; and -(L,),,,-(R ) ,,,;

L, being one of: a phenylene group, a naphthylene group, a
fluorenylene group, and an anthrylene group; and a phe-
nylene group, a naphthylene group, a fluorenylene
group, and an anthrylene group substituted with at least
one of deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C, -C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, and an anthryl group;

ao being 0, 1, or 2;

R,, being one of a pyrrolyl group, a pyrazolyl group, an
imidazolyl group, a pyridinyl group, a pyrazinyl group,
apyrimidinyl group, an indolyl group, a purinyl group, a
benzoimidazolyl group, a quinolinyl group, an isoquino-
linyl group, a phthalazinyl group, a quinoxaline group, a
quinazolinyl group, and a cinnolinyl group; and a pyr-
rolyl group, a pyrazolyl group, an imidazolyl group, a
pyridinyl group, a pyrazinyl group, a pyrimidinyl group,
an indolyl group, a purinyl group, a benzoimidazolyl
group, a quinolinyl group, an isoquinolinyl group, a
phthalazinyl group, a quinoxaline group, a quinazolinyl
group, and a cinnolinyl group substituted with at least
one of deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
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thereof, a sulfonic acid group or a salt thereof, a phos-
phoric acid group or a salt thereof, a C, -C, alkyl group,
a C,-C,, alkoxy group, a phenyl group, a naphthyl
group, and an anthryl group; and

ap being 1 or 2.

12. An organic light-emitting diode, comprising:

a first electrode;

a second electrode disposed opposite to the first electrode;

and

an organic layer interposed between the first electrode and

the second electrode,

the organic layer comprising at least one condensed-cyclic

compound according to claim 3.

13. The organic light-emitting diode of claim 12, the
organic layer comprising at least one layer of a hole injection
layer, a hole transport layer, a functional layer having both
hole injecting and hole transporting capabilities, a buffer
layer, an electron blocking layer, an emission layer, a hole
blocking layer, an electron transport layer, an electron injec-
tion layer, and a functional layer having both electron inject-
ing and electron transporting capabilities.

14. The organic light-emitting diode of claim 13, the
organic layer comprising an emission layer that comprises the
condensed-cyclic compound.

15. The organic light-emitting diode of claim 14, the con-
densed-cyclic compound contained in the emission layer
functioning as a phosphorescent host, the emission layer fur-
ther comprising a phosphorescent dopant.

16. The organic light-emitting diode of claim 15, the phos-
phorescent dopant comprising Ir, Pt, Os, Ti, Zr, Hf, Eu, Tb, or
Tm.
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